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A XBSTRACT

b This Manual has been de51gned Eo‘provlde step-by-step

f#v guidelines for conducting an evaluation of a structured training
- sequence. The assessment de'sign to be presented involves essentially:
the testing of a group of trainees before and after a sequence of
"instruction by administration of the same set of objective-foram items
'under structured testing conditions; and the application of a series
of statistical procedures to the resultant _scores and individual itenm
responses to deteraine the magnitude, diréction and level of Test to
Retest changes in cognitive (subject matter) competence. As will be
stressed repeatedly throughout the Manual, thé' quantitative analysis
. of the testing data can provide both a measure of trainee achievenment
and an assessment of training effecti¥eness, by estimating how auch
of the increase in levels of subject coapetence displayed by the
trainees at the end of the course ¢an: be at ributed to the training
experience. (Author)~ - -
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' PREFACE

The assessment procedures"that form the babtis of this Manual
were originally developed in response to a request from the
Demographic Association of El Salvador for help in evaluating
a serjes of training programs in Population and Family Plan-
ning, and Maternal/Child Health, each directed at a different
professional or pi;aprofessional level. . > °

-
.

The one objective common to all programs in the series was
that the trainees acquire & body of knowledge {and funda-
mental skills) {n & number of Public Health-related subject
areas. Thus, the evaluation of instruction was to focus on .
an assessment of the amount of substantive learning that
occurred among the trainees in the various subject areas.

, The assessment (was to be effected by means of a single ob-
jective test instrument administered twice under a Pre-/Post-
Instruction design. Rather than create an achievement test
instrument on the, subjéct matter and send it to them, it was
decided. that a betfer procedure would be to prepare a set of

.+ guidelines.for the preparation .of the test instrument and
alPow the Association to create its own test to meet the
specific program needs. As a result, the idea for a complete

Manual®was born.

Field testing of the methodology outlined in the guidélines

was later conducted, at the invitation of the US Agency for -« .
International Development; for a training program™in L,
Washingtqn, D.C. iavolving a government-sponsored Population/
Family Planning Program Seminar—wérkshop. Additional ex-

perience with the methods, leading to some modification of | .
the Manual, was provided by a reduest for an evaluation con-
sultation by the Department of Health and Family Protection

at the National School of Public Health in Renneg, France in
November 1973. (2 more complete disdussion of the background

of the Manual is prowided il Appendix A.):

-

.
.

While parts of the evaluation procedures are newly introduced
here, the steps involved in the instrument design are for the * °
most part not innovative, but are based on what may be taken ’
as standard thinking on the subject of achievement testing

and measurement. It was not felt that educational and
psychdmetric theory need be brought into the body of the
Manual. It is aésumed that the reader will accept the au-
thority of. the sources listed in the bibliography. However,

an appendix discussing some of the theoretical aspects of
achievement test design and the Test/Retest model has been
provided. )
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The Manual, has been designed to be‘a self-contained, com-
plete guide to objective achievement testing for purposes of
training program evaluation. The text has therefore been
arranged to take the reader step-by-step through the pro-
cedures -- from designing the test instrument {i.e., con- >
structing, test items and creating the test format), through
.the actual administration of the test, coding. and scoring,
and the various statistical analyses that provide the final’
data for the evaluation. (There are also, appendices covering
other aspects of the methodology for the reader who requires-
additional information in designing the achievement instru-
ment or conducting the evaluation.)

. - >
v Go #

NOTE: Information about individual trainees that can be de-
rived from analysis, of the testing data is not recommended
for use in discriminating between trainees on matters such as
b placement, salaries, future promotions, etc. The primary
focus on the analysis of test data relating to individual
trainees is for purposes of evaluating thé effectiveness of
a sequence of training, as it is reflected .in the performance
of the trainees as a group, and by‘variations in performances
among subgroups and individuals. -

-
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says, "It is two hours ago";
three‘quarters of an hour."

Those who judge of @ work by rule are in regard to others
-as those who have a watch.are in regard to others..

One
the other says, "It is only
I look at my watch and say to

the one, "You are weary";
with you," for ‘it is only

judge by my*wdtch.

.
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and to the other, "Time gallops
an hour and a half ago, and I

laugh at those who tell me that time goes slowly. with me
and that I judge by *imagination. ;They don't know that I ,
(Pascal, Pensées) o N
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. the course can be attPibuted to the training experience.

P CHAPTER I

* @

-GENEBAL DESCRIPTION OF THE METHODOLOGY

This Manual has been designed to provide step-by-step guide-
lines fof conducting an evaluation of a structured training
sequence.

N . .

The assessment design to be presented involves essentially: s
the testing of a group of trainees before and after a se-
quence of instruction by administration of the same set of
objective-form items under structured testing. conditions; and
the application of a series of statistical procedures to the
resultant scores and individual item responses to determine
the magnitude, direction and level of Test to Retest changes
in cognitive (subjett matter) competence*. As will be
stressed repehdtedly throughout the Manual, the quantitative

v

. analysis of the testing data can.provide both a measurg of

trainee achievement and an assessment of training effective-
ness, by estimating how much of the increase in levels of
subject competence displayed by the trainees at the end of.

-

The Manual is in two parts. The first deals with the con-
struction of the test instrument, its administration,, and
methods for ensuring that the material covered in the test
is compatible with what is being mlanned for the course and
checking that the material which was included in the test
wag actually covered in the coyrse. .

The second. part of the Manual deals with comparative analysis
of the-two applications of the test, with each step explained
.so that it can be done by either manual/mechanicadl methods or
by gomputer. - <L,
The fifst part of the Manual will be the larger and more
detailed of the twa. Although the statistical analysis of the
test results, is important to the assessment outcome, it.is the
initial planning, constructiorr and application stages that must
be given special attention tgrensure that the test instrument

will serve its intendedcp se.
- ° -
> A
* See Note an Terminglogy, Pp. 6. This concept refers basically

to the acquisition and mastery (in terms of knowledge, under-

standing and application) of the subject material of instruc-
ion. (Further discussion of this concept is provided on

pp. 7-8, and in Appendix B.) - ) .t

|
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Before presenting the Practical, how-to aspects of the method+
ology, however, it is necessary to provide a.small amount of
background and to discuss the uses to which an instrument
‘'such as this can be appropriately put. .

In order to decide on an evaluation procedure for any sequence
of training, the objectives of the training must first be
determined. Training program administrators have tradition-
ally evaluated the reception and impact of their programs by

a number of informal and subjective approaches such as ques-
tionnaires, rating scales, and checklists. All of these
self-report procedures have been used to try to elicit the
following information: ‘

l. In relation to their needs and interests, what the
individual trainees got out of«the training.
]
2. Rating of training sessions, typically on a scale
from poor to excellent. ’

3. Rating of individual training sessions in terms -of
~ Selected aspects. )

4. Extent to which trainees felt that the traiﬁing had
prepared them for future work in the field.

5. Rating of instructors in terms of selected con-
siderations. -

While these approaches to evaluatjon may provide qualitative
assessments of a program's impact by identifying strengths
and weaknesses as reported by trainees and by indicating
trainees' feelings about the training, they do not usually
supply an administrator with substantive objective feedback

. ©of the type required to assess the degree of effectiveness of

'~ current training and to implement improvements for the future.
The evaluvation methodology presented here was developed.to
provide objective, quantitative feedback to training adminis-
trators whose aim is to increase the levels of cognitive com-
petence of trainees in specific subject areas -=- that is, it
provides an administrator with the means to assess the effec-
tiveness of the training in increasing the trainees’ competenc
with the subject matter of instruction through their ability
to adapt and apply what was learned to decision-making and
problem-solving situations.

—

The following procedural format is empleyed in assessing the
effectiveness of instruction in terms of increasing levels of

| subject matter QQmPBtéﬁcgp

} ‘ | 11 -
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1. A pre-instruction baseline level of ‘competence
(assessing the degree to which the trainee has
already acquired what is to be learned) established
by the administration of a series of objective test
items covering the subject material to be presented
during the course of instruction. (THE PRE-TEST)

2. Reyiew of the plannped instruction to determine .
whether it will adequately meet the needs and demands
of the current trainee group, based on the results of
the Pre-Test.

3. A Curriculum Audit undertaken durigms the course of
the training, to ascertain how much of the subject
material assessed by the test items is in fact
covered during instruction.
- - ]
4. A second administration of the same set of objéctive-
form test items at the end of the training sequence.
(THE POST-TEST)

5. A comparative statistical analysis of Pre-Test and
Posk-Test results to assess the effects of training

on levels of subject competence.. .

’ . N

The administration of the test instrument provides data which

can be broken down into:

-
L2

A |
1. Data on the training .
: a. Total test results ) )
b. Results on subsets of items - .

c. Results on individual items

2. {Data on trainee test performance - -
a. - Total trainee group LR
b. Trainee Subgroups
c. Individual trainees . '

»

-

<
Training Evaluation Hierarchy

It should be emphasized here that the assessment of the impact
of training on subject matter competence is only the first
level of training evaluation. The ultimate objective is to
det how effective the training has been in increasing
the onwthe-job capabilities of trainees. Between this ulti-
mate level and the more immediate level ({(assessing competenceL

<L .
Q . .

H 15 -
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g 2are several intermediate levels of evaluation. These levels,
when listed in terms of tjime sequence (realization of objec-
tives at increasingly longer range) and measurement complexity,
form a training evaluation hierarchy, beginning with the level
dealt with in this Manual:

1. Cognitive Competence: How much learning (in terms of
ability to use and apply relevant subject matter) can
be said to have occurred as a result of training in-
struction? Measured by objective-type tests adminis-

. tered to trainees before and after training.

2. Relevant Attitude Change: How has training modified
the attitudes of the trainees about the subject matter
or about their jobs? Measured through structured
attitude scales, projective tests, or other special
test methods (e.g., the Semantic Differential Tech-
nique).

3. Short or Long-Term Retention of New Learning: How
much knowledge and understanding of the subject mate-
rials do trainees retain after selected periods of
time? Measured by delayed re-administration of the

» origingl test or administration of a comparable .
instrument. - .

4. Subsequent Job Placement: To what extent is the job
situation of trainees relevant to the nature of the
training program? Measured by structured follow-up
interview or 4uestionnaire.

LI

' 5. Assigned Job Duties and Functions: 1Is the training
content rélevant to duties supsumed under the train-
ee work role? Measured by structured follow-up
interview, questionnaire, or observation.

6. Work Performance: To what extent does the worker
- employ or\§ail to employ knowledge and skills ac-
quired during training? Measured by structured
follow-up observation. ’

7. staff/Client Belationships: What effect has train-
. ing had on wofkers' subsequent interaction with
those around them (i.e., ,workers, clients, patients)

. in the wbrking environment? Measured by structured .
N questionnaire or interview with traipees and others, <.
N or by on-site observation. ° \
. ) '
. d
b
O ‘ " i "
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8. Overall Job Effectiveness: What significant con-
tributions can be attributed to training in terms$
of increased capacity to meet job demands or to
attain goals established by the work role? Measured
by impact on achievement of work objéEtives.

L8

This Manual is one of several proposed to desckibe the de-
velopment, application and interpretation of instruments,

techniques and designs for assessing the effectiveness of

structured training programs at each of these levels. It

has been designed to be a self-contained reference source,
including the basic informaticon needed to plan, administer
and analyze an objective test instrument under a Test/Re-

test design, and gives additional information for specific
situations. . )

Py
.

Although primarily written for administrators of training
programs concerning population, family planning, and-Maternal/
Child Health, the Manuai may be used in a variety of train-
ing situations by individuals whose knowledge of and ex-
perience with educational assessment mefhods may vary. Its
design is .thus intended to be specific enough to permit un-
ambiguous application of the methodology in specific train-
ing programs and flexible enough to be applicable to a
variety of settings. No attempt has been made to create

an actual test instrument that can be lifted directly from
the Manual. Items written into a test instrument will
depend on the subject material specific to a particular se-
quence of instruction and must be designed by those who ac-

tually conduct the training.

~
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2 Note on Terminology .

Since a review of the literature on educational measurement
uncovered no standard set of terms, the, following terms and
their definitions and equivalents should be noted:

1. Cognitive Competence = Subject (matter) Competence:

a learning outcome of a structured educ 10onat ex-
¢ perience involving the acquisition and mastery (in

terms of substantive knowledge, understanding and
application) of the subject material imparted during
a sequence of instruction. For purposes of assess- *\"EB
ment, the operational definition_of competence em-
phasizes usage, adaptation and application of the
material learned rather than simple recognition or
demand recall of the material at a later time.

2, Instructional sequence = educational input = se-
quence of training: the systematic imparting ,
through structured lectures, semigars and/or recit-
ationzz of subject material of a Mighly specific
natur Implicit in the definition is the fact that
such learning experiences are directed toward zre—
determined educational objectives.

3.7 Test = Pre-Test: the administration of an achieve-
ment-measuring instrument at the beginning of an in-
structional sequence.

4, Retest = Post-Test: the administration of an achieve-
ment-measuring instrument at the termination of an
instructional sequence. -

5, Items = Test Tasks: individual test questions or pro-
blems. .

6. Item Set % Subset = Subtest: the subdivisions or
grouping of items, each subdivision corresponding y

~ to a separate subject matter area. ¢

N 7. Composite Test = Total Test: the total number of
items cgmprising the complete instrument; the sun
-of the Item Sets.

ERIC :
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CHAPTER 1II ¢

THE TEST INSTRUMENT

Designing the Test Instrument: Overview

A valid assessment of educational achievement is the result
of a systematically controlled succession of “steps beginn@ng
with the identification of relevant objectives, continuing
through construction and administration of the assessment
instrument, and ending witk scoring, analysis, and interpre-
tation of results. C

‘e
A major purpose of the training process is imparting substan-
tive subject matter to trainees. It is safe to assume that
the training instructors desire that the trainees acquire full
comprehension of the scope, applications and limitations of
the more significant subject matter. In order to assess the
extent to which this general learning outcome is achieved, it -
is first necessary to translate it into components, which in b,
turn will be translated into performance variables that can be
observed and subjected to objective, guantitative measurement.

]
|
{
The content of most subject areas covered in training courses:
consists of methodology, facts, theories, problems, and points
of view. 1In most tfaimrihg programs the emphasis for the k
trainee is on developing competence in subject content usage
and application rather than on content recognition and recall.
This is because what the trainge is able to do with the subject
material will contribute more toward his subsegquent "on-the-
job" effectiveness than will simply being able to remember it
on demand. Thus for purposes of assessing trainee achievement
and training impact, subject matter competence is defined as
the trainee's expected ability to perform specific operations
on, and make specific applicatiwn of, the subjecet material

that was encountered during a seguence of training instruction.

There are a, number of ways to interpret operations and ap-
plications in terms of expected trainee behavior. One com-

mon approach, for example, is to classify them in terms of

the cognitive functions that contribute to those behaviors--
mental processes such as concept formation, inference, analysis,
synthesis, abstract reasoning, critical thinking, etc. How~-
ever, the types of behavioral processes involved in this
classification are too numerous and functionally interdependent,
and do not readily translate into well-defined test tasks.

As an alternative approach, some type of classification of behav-
ioral learning outcomes should comprise the domain of subject
7

Q

ERIC ©
rorecrosieio enc) T f)
N




‘N
matter competence. The desired learning outcomes would then
be defined in terms of overt performance on specified test
tasks. This will provide a most effective approach to the
measurement of subject competence since most of the behavioral
correlates of achievement can be classified into one or another
of several categories. On this basis, a test item would be
classified, for example, as one that contributes to the con-
clusion that the examinee "knows‘terminology and vocabulary,"”
"knows concepts and principles, " *"cgn apply generalizations and
principle$ to new situations," "can make valid evaluative judg-
ments,” etec. (1) Test construction guided by a classification
such as this will direct the focus away from simple knowledge
of definitions and facts .tc encompass a greater range of more
complex cognitive behaviors. e

Achievement Areas .

The test instrument should be designed to assess a broad range
of behavioral learning outcomes, from simple acquisition and
comprehension of terminology, facts, and principles to higher-
level abilities involving the application of what was learned

. to new problem-solving and decision-making situations. The"

seven achievement areas specified by Ebel (2) can serve as the
basis for designing test items to effect this type of assess-
ment» * .

The seven achievement areas and the types of items that can be
\ designed to assess them follow:* .

1. Understénding of Terminology: Items designate terfis to
be defined or otherwise identified. The examinee is provided
with a word or words and asked to select the correct or best
definition from among several alternatives (e.g., "What is an
ectopic pregnancy?" or "The demographic transition is a term
that describes . . ."). These are probably the simplest types
of objective items to design.

2. Comprehension of Fact or Principle: Items are based on
descriptive statements of the way things are. The examinee is
asked to select from several alternatives the response that
besg completes a statement, that best answers a question, or
that otherwise shows a grasp of the basic facts and principles
of the subject matter at hand. (e.g., "The interrelationship
between ovary and pitujtary during the menstrual cycle can*
accurately be describeg as one in which . . ."; "What is the
basic principle underlying the rhythm method of conception

control?")
- .
* See pp. 2B -31 and Appendix C for infbrmation on item con-
structiofe _ .
Q ~ ) .
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3. Ability-to Calculate: Items require use of mathematical
processes to get from the given to the requ1red,quant1t1es.
The examinee is provided with a well - defined computatiornal pro-
blem together with a set of alternative answers. One example
of the type of quantltatlve item employed in the area of family
plannlng and population is, "Out of 200 clients initially en-
rolled in a family plaﬁnlng program, only 158 remained actlve
one year later. What is the .annual dropout rate?"

4. Ability to” Explain or Illustrate: Items generally con-
tain the words "why" or "because." This type of item has two,
“forms. The examinee is either asked to select, from the alter-
natives given, the one that best explains or provides the best
reason for the existence or occurrence of the specifi¢ situa-
tion cited in the item stem (e.g., "If estrogen alone and pro-
gesterone alone can successfully prevent ovulation, why is it
necessary to administer both under the combined meth of oral
contraception?”) or, the examinee is asked to select the alter-
native that provides the correct or best answer to t question
posed in the item stem and, at the same time, to justify the
answer selected, as in the following example:

When a spermicidal preparation is the contraceptive
method employed, should douching be postponed for
at least six hours following coitus?

a. Yes, because douchlng within a few hours following
coitus may either remove the sperm1c1de or dilute
it to the point that sperm will survive in the )
vagina. . ~

b. Yes, because irrigation of the vagina within a few
hours following coitus will force large numbers
of live sperm into the fallopian tubes, 1ncrea51ng
the risk of conceptlon.

c. No, because the douching agent will increase the
effectiveness of the spermicidal barrier within a
few hours after coitus, ensuring greater contra-

- ceptive\protection.

d. No, ﬂecause spermicides lose their effectiveness
within three hours following coitus, allowing live
sperm to remain in the vagina unless removed irmme-
diately' by douching.

5. Abili;yﬁto Predict: Items are based on descriptions of
.specific situations. All conditions are given and the examinee
is asked for the future result -- i.e., to select from among
several alternatives the most likely outcome, as in the follow-
ing example: . ) )

" .

]

-
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If the Crude Birth Rate of Hong Kong were reduced
immediately to the level of the Crude Death Rate
(i.e., 4/1000) and held at that rate indefinitely,
assuming néZnet migration, what would be expected
to happen to.the population?

%
™. The population would cease to change, remaining
steady at the current level with zero growth.

b. The growth rate would decline, but the popula-
tion would continue to grow more and more slowly -
for several decades.

¢

v c. Populatidn numbers would decline at an accelerat-
ing pace until the population virtually disap-
peared. .

d. The growth rate would commence to oscilfate
between positive and negative.

6. Ability to Recommend Appropriate Action: Items are
based on description of specific situations.  Some conditians
.-are“given and the trainee is asked to provide by selecting
from among several alternatives other conditions or actions
that will lead to a specified result. For example: K”

«

Since the init#al insertion of an intrauterine
device can seridysly damage a developing embryo

(from an undetec pregnancy) the safest time to
insert an IUD is e -
. a. just before the expected menstrual cycle.

b. during and immediately after menstruation.

only during menstruation.

'd. during the time at which ovulation is expected
to occur. :

[\
Q

7. BAbi¥fty to Make an Evaluative Judgment: The types of
. items assessing this level of subject competence involve re-
sponse options which are statements whose appropriateness or
quality is judged on the basis of specific criteria presented
in the it%m stem. For example; ' .

w

Which of the following ratios provide the best
indication of the overall mortality conditions
in a developing country?

-

-

- a. The number of infant deaths in a year per 1000
live births in that year. Co.

b. fThe n er of deaths per 1000 in one year over
the total%population at mid-year. .
4 . ’
Qo .ot _ -
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. c. Deaths to persons over 50 years of age in a N
) year over the total number of deaths in that
year.* . .
d. Number of deaths in a year to persons 70-74
. years of age per total number of persons aged
70~74 years at mid-year. ) .

‘It should be noted that the acquisition of higher level abili-
ties (areas 4-7) depends on achievement in the first three
areas. That is, it is negessary for the trainee to acquire
a certain fund of information (facts, principles, computational
skills, etc.) with a higher ‘degree of comprehensién before he
can adapt and apply this new learning to practical situations.
Therefore, items desigtfed to assess higher-order abilities will
presuppose the trainee's achievement at the lower levels. The
test instrument should contain items assessing the first three
‘areas as well,-however. <In the later analysis of test data it
may be discovered that some of the items assessing high-level
abilities were miesed because the trainees did not achieve at
the lower levels. For example, trainees may have done poorly
on an item designed to assess their ability to predict because
they didn't understand the basic principles required, or were
unable to make an essential calculation.

It is strongly recommended/{nat when designing a test blueprint
all the behaviors that will apply to the specific subject mate-
rial be included.. Not all of. them, however, will be appli le
to every course of training. The relativé importance OE each ™
of these behavioral outcomes as objectives of instruction will
vary from program to program. For erample, ability to calcu-
late is an appropriate learning outcome to be expected from a
statistical training course, but would not be a relevant ouf-
come in a training program where the focus was on subject areas
such as contraceptive technology or the anatomy and physiology
of human reproduction. The final decision as to which of the
seven behavioral Qutcomes above constitute relevant course
objectives will have to be made by the training staff. The
decision will be a subjective judgment based on an analysis of
the specific subject matter to be covered during the sequence
of training, as outlined in the curricul an. However, .
since the use and application of learned material constitutes
the primary domain of subject competence, it is recommended
that test items assessing abilities should have greater repre-
sentation on a test relative to items sampling simple under-
standing of terminology, fact, principle, etc. '

One final comment about constructing items assessing the seven
achievement, areas: It may not always be pbssible td write
pure items -- i.e., items assessing only one of the areas to
the execlusion of the other six. It may sometimes be the case
that an item will call into play a number of separate abilities,
* . * U
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dimension is very impegtant to the proposed assessment since
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each of equal importance. This is quite v#lid in terms of

the instrument being proposed here. These sqven achievement
areas should not be considdred mutually exclusive categories.
It is quite acceptable to write an item assessing one or more
areas, as long as all areas are given representative coverage.
The major purpose of the above discussion was to illustrate
that an objective achievement test need not be confined to
simple recognition/recall tasks, but can be so designed to
assess more sophisticated, higher-order cognitive processes,
the types of higher-level processes considered to underlie
subject matter competence. S s

[N

Subject Content Areas . NN

Once the types of test behaviors that the examinees are re-
quired to demonstrate in an assessment of cognitive compe-
tence have been specified, the subject content areas to be
covered by the test items should be determined. The content

it is through the course content that the behavioral out-
comes are taught and through which they are demonstrated.
As will be discussed later, the subject content to be
assessed by the test instrumedﬁ can be derived from the
curriculum plan. Like the classification of behavioral
learning outcomés, the course content should be arranged
(for testing purposes) as a detailed outline of a limited,
finite number of discreet subject matter categories. This
can be done by taking each proposed training session in the
order defined by the curriculum plan and listing the major
topics and subtopics to be covered. When completed for all
sessions, the test designer will have a complete listing of
all the subject matter being proposed for presentation. How
to employ this 1list, together with the ¢lassified behavioral
dimension, in the construction of specific test jtems is the
subject of the next few pages. '

A o
. .

o

Two-Way Item Specification Table . .

The behavioral learning outcomes and the content of in-
struction represent the two dimensions which underlie the
test plan. Once each has been specified, as shown above,
they should be combined into a framework which will serve ‘
as a guide to the development of the test instrument. This

’
-
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framework, or Item Specification Table, will serve as the
test blueprint. .

This blueprint, whilé a practical guide to test construc-
tion, is also a theoretical outline of what constitutes
competence with the material to be covered during instruc-
tion. That is, it specifies which behaviors an examinee
must demonstrate in which specific subject areas, in order
for him to be considered as havipg attained a hi level of
subject matter competence. Properly constructed/ the
blueprint will illustrate not only which subject areas

are to be covered by the test items, but also which of

the various learned behaviors are to be expected from

each area, and will indicate the relative weights assigned
to each subject area and learning outcome, in terms of

the numbeér of items to be constructed.

£

The Item Specification Table is a two-way table that re-
lates specific subject content to expected learning out-
comes. A table of this type is easily constructed for
any sequence of instruction by designing a two-way grid
with the subject content areas listed along the vertical
axis (left side) and the behavioral learning outcomes
listed along the horizontal (top). Table cell entries
will consist of check marks or some other code designat-
ing the number of items to be constructed. An example
of the general format for an Item Specification Table
is illustrated in Figure 1. (The numbers, in parentheses,
in each of the table cells indicate the percentage of
total items to be devoted to .each behavioral outcome with-
in each content area.) Although it was designed for a
statistics training sequence, the basic format is applic-
able to any type of training.

S

The importance of employing such a table as a blueprint”for
constructing the test instrument becomes evident when the
concept of achievement testing is considered. Any achieve-
ment test is a work sample. That is, the aggregate of items
that comprises a test covering specific subject material is
only a sample drawn from some hypothetical universe or
population of all possible items that might be used to
make up such a test. In the assessment of some curriculum
areas, the population of potential items is limited --
for example, an elementary school class whose spelling
competence with five hundred words is being assessed.
However, for some test situations there is almost no
limit to the numbtr of potential test items' that could

N .
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be constructed -- for example, the number of qualita-
tive and gquantitative items that could be constructed
to cover a sequence of training in statistics. In
most training courses of the type for which this Manual
has been designed, the latter case will probably be
more commdn. .

Where a test instructor has no finite, discrete list
from which to select the item sample to be used, he is
faced with the problem of constructing an aggregate of
items that will be an adequate representation of the
total universe of items that would be appropriate for
both the subject matter and the behavioral learning
outcomes. :

jective data for making ferences about the extent
to which a sequence of trhinihg increases the levels of
competence of trainees -- demonstrated by certain cog-
nitive behaviors —~- in specific subject areas. Suc
inferences will be valid only to the extent to whith
the test instrument provides a representative sampling
of potential items reflecting the entire domain of sub-
ject material covered during instruction and all of the
expected learning outcomes. Without a carefully developed
test plan,}ease of construction all to frequently becomes
the domingnt criterion in selecting and constructing test
items (3). That is, items measuring simple knowledge

. (essentidlly recall and recognition tasks), becayge they
are easier to construct than thosé assessing thquore
complex learning outcomes, might be .over represenkted on
the test. As a result, the test might end up assgssing
a limited and biased sample of behaviors and subject

¢> content areas, neglecting those that might be more rele-

vant to the objecflve under consideration, namely subject

v

matter competence. N -

The purpose ofa the teét‘igstrument is to provide ob-

The Item Specification Table will facilitate the ocess
of planning both the types and numbers of items toj ensure
an appropriate, fair,psaa representative sample written
into the test instrdiént.

~

In constructing the Table, the seven behavioral learning
outcomes are listed regardless of the spe¢ific instruction
content. However, because not all of the subject matter
covered during instruction will be important enough to be
assessed, some procedures must be employed by the ttraining
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. staff for selecting the subject matter that
into the table and thus sampled by the test
many training situations4 some subject mate
as a background or'prereéuisite for other m

—_— i

will be entered
items. 1In

rial serves
ore important

material. This initial material is important only to the

extent to which it facilitates acquisition
ing of the more relevant subject material an
the focus of direct assessment. For exampl
on statistics, it would be necessary to int
dents to the concept of probability before
such topics as hypothesis testing, inferenc
techniques. While the student must have an
of the laws of probability, it is their app
area of statistical inference that is impor
of assessment would therefore be on statist
directly, with little attention given to pr
itself{v

in situvations where the subject matter univ
for testing purposes is not composed of al
covered during instruction, the training st
from the list of content areas (previously
curriculum plan) those areas which should b
the assessment of competence. Then, each s
would be responsible for selecting the most
topics and subtopics from his area of exper
,member should base his judgment on_the cri
vance to competence -- which material, out
range of material comprising the particular
covered, should the trainees be capable of
(in terms of use and application) in order
competent in that subject area?

and understand-
d would not be
e, in a+course
roduce the stu-
proceeding to
ésand sampling
understanding
lication to the
tant. The focus
ical inference
obability in

¢
o

erse to bg sampled
1 the matprial

aff must select .

drawn from the

e included in .
taff member
important

tise. Each staff

terion of rele-.

of the entire
subject area

dealing with

to be considered ,

|

\

Once the relevant material has been selected |from all of

the subject areas under assessment, the res
be entered into the Item Specification Tabl
dimension. The completed Table will then b
specifying both the types, and #umbers of i
cluded in a specific test instrument to ens
asgessment coverage in terms of ,content are
outcomes. l

7 [}
Defining Relative Test Emphasis

Prior to the construction of test items it
determine what proportion of the total item
test should be constructed for each subject
within each content area, for each of the b
autcomeés.
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There are no hard and fast rules for allocatipg a test item
{or items) to a specific subject content area or to a spe-
cific behavioral outcome within a subject area.

One approach that commonly used, and is suggested by a
number of testing sPecialists; is to allocate certain

numbers of items to subject areas on the basis of the amount
of time devoted to ~each during the course of training. Unde
this system, for example, if the curriculum plan for a ten
week training program specifies that subject areas A and B

are to each receive 4 weeks coverage, with only 2 weeks
devoted to topic C, then the proportion test items to be
allocated to topics A, B and C would be 40%, 40% and 20%,
respectively. Or, if the plan delegates thrke trajining
sessions to coverage of subject X and only one session to
subject Y, the number of.test items dealing with subject X
will be three times greater than those dealing with subject

Y. Similarly, the number f \tems designed to assess the
_different behavioral learnggg outcomes within the various
content areas would be based on the emphasis placed on each
during the training. With the training focus on use and
application of the subject material presented, the assess-
or- ment instrument should emphasize the same behavioral ob-
;Jectives (i.e., behavioral outcomes three through seven, pp. 8-10).
+The training staff, employing the I¥ém Specification Table
.would see to it that the relevant behavigral ohjectives and
‘subject areas are adequately sampled by the test items$ in
{ proportion to the emphasis given each during the course of
4 instruction.

»

This approach is appropriate where only the most important
'subject matter within each area is included in the rcpulation

from which the gample of test items is to be drawn_ (i.e., the

areas denoted oh the Item Specification Table)., That is,

when prerequisite or other preparatory material is not being

considered for assessment, despite the fact that training

time had been ted to it, only the important content areas
will appear on the’vertical axis of the Table. The staff may

then use the time-based approagch to determine the number of _

items to be™devoted to each of those areas. ~

However, a major difficulty arises with a time-based approach
where some subject material is simply more difficult to get
across to a training group than other material. In such a
situation, the subject areas that happen to be more difficult
to present may not be more important or more necessary to the
training ohjective under assessment (i.e., subject matter
competence), but more time will have to be devoted to their
goverage -- thus qualifying them fora larger proportion of
test items than others that may be equally important. As
this is a fairly common case in training courses, a time-
based approach to the allocation of items to content areas

2
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1
does not guarantee that the test item content will be a
representative sample of the subject content actually covered
during instruction. This imbalance may well be further re-
flected in the Curriculum Audit (see Chap. V). At the end
of the training sequence, it may be noted that much more time
was devated to some subject topics than others, although this
did not reflect the importance of the topics, as determined
in the curriculum plan. Where difficulty of certain content
areas has been controlled for in the curriculum plan by allo-
cating more time to coverage of these areas, this should not
automatically be reflected in the construction of the testing
instrument,_gs would happen if the amount of time alone is
the criterion for determining the number of items. It is
not the difficulty of, the subject material that determines
the number of items necessary to properly assess how compe-
tent trainees, have become/with it, but its importance in
terms of the training objectives. ’

[}

An alternative approach would be to have the training staff
determine the relative importance of (and thus, the relative
test emphasis to be given) each. behavioral oYtcome and each

- topic within the major subject matter areas to be covered
during instruction. Since the training staff is responsible
for both defining the curriculum plan and instructing within
selected subject areas, the staff members should then be the
group most gualified for setting the standards of competence
in their respective subject areas. (When the training staff
includes outside instructors, as discussed on pp, 32-34.
those instructors should also share the responsibility in
determining the relative importance, for testing purposes, of
the behavioral outcomes and subject topics ynder consideration.)

The allocation of test items by the training staff will be
based on subjective judgments, since, in most cases, there will
not be objective criteria for determining what constitutes
competence in a specific subject area. Such criteria will
usually be set by the staff members, drawing upon their own
expertise in a particular subject area. The guiding principle
underlying 'the allocation of test items wilt be that the test
items, in number and content, should maintain the same relative
coverag important subject areas and behaviors that the
training aff will try to achieve through instruction.
.Estimates of relative importance will be expressed as per-
centage weights to be recorded in the Item Specification

Table.

In the example (see p. 17) where three subject areas are
covered during a ten week training program, a time-based
procedure for weighting these three areas would result in a
40%, 40%, 20% allocation of test items (given that the in-
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struction time devoted to the areas was 4, 4, and 2 weeks,
respectively). Assume that a total of 4 weeks (out of the
8 weeks of instruction assigned) will be devoted to coverage
of prereguisite material in both areas A and B. Now, even
though different amounts of time will be devoted to instruction
in these three areas, the staff might judge them to be of
equal importance in terms of the trainee's post-instruction
competence. Thus, each subject area would be assigned per-
“/centage weight of 33 1/3% and the areas would be allocated
equal numbers of test items (rather than the 40%, 40%, 20%
item allocation set by the tifme-based approach).
In the above example,\it was the professional judgment of the
staff that the three subject areas are of equal importance in
terms of the material that the trainees should be competent
with. In this cpse, the time-based. approach would not have
been adequate fJdr ensuring a balanc¢ed test covérage of the
relevant contént of instruction. ‘ :
) , SR ~~
After the initial weighting, the major subject areas will be
broken dowh intol a number of discrete topics in order to
pfbggde a broad subject base from which to construct test
items. A hypothetical example will outline the procedure.

A sixteen week training program, "Quantitative Methods
in Health-Related Research" is composed of three major
subject areas:

1. Descriptive and inferential statistics (8 weeks)

2. Techniques of demographic analysis (4 weeks)

3. Survey design (4 weeks)
Although the amount of teaching time to be devoted to area A
is twice that.of pither B or C, the staff judges areas A and
B to be twice as important as area C; therefore, each will
receive an assigned ight of 40% while C receives 20%.
Thus, 80% of all itemp td be constructed will be divided
equally between areas|A and B with 20% of the items allocated
to assessing competende in area C. . *

The staff members witH particular expertise in these major _
areas will decide which of the topics within| these areas
should be included in e subJect iverse tO be assessed
(selection to be based{upon thg,”f%%zvance to ‘competence”
criterion stated on p.{|l6). The material selected will then

be recorded, together with the list of behavioral learning
outcomes, in the Item ecification Table. |

/
A partial listing of thp relevant subject mé%ter comprising
the program's statistics training component %s illustrated
in the Item Specificatidn Table in ‘Figure 1. (The content
listings for (the other two areas would follow the same format

v
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and could be recorded below the statistics section on the same
table. However, given the length of combined listings from
several subject “areas, it might be best to break the Table

up into sub-~tables, one for each subject area.)

Assigning weights within subject areas Once the most impor-
tant topics have been delineated for each major subject area

(and recorded in the ‘table), another series of judgments )
must be made by the staff. That is, the decision must be

made as to how the total percentage of items allocated to a
major area is to be distributed among the topics comprising
that area. The allocation of percentage weights to these sub-
areas will have to be based primarily upon subjective staff
judgments as to the relative importance of competence in

each sub-area to overall competence |in the major subject

area. (The weights selected will be| recorded in the Table's
right-yost column, labelled "total % items.") For example,

the staff decided that competence with "Probability Sampling

and Sampling Distributions" will contribute more to overall
statistical competence than will competence with such material
as "Measures of Central Tendency" or "Frequefcy Distributions." .
The relative percentage weights assigned to each of these

topics (i. e., 15%, 5%, 5%, respectivily) are the result of
these decisions. : )

Selecting appropriate behavioral learning outcomes The next
set of staff decisions involves selecting the eognitivesbe- -
havioral outcomes most appropriate to t subject contefit to
be assessed. As pointed out earlier (e?é??‘see p. 7). the
one objective common to most training programs is to develop,
in the trainee, the cognitive competence to use and to apply
the subject material learned, not simply the ability to re--
member the material on demand. The test instrument designed
to assess competence at this level should therefore focus on -
the more compleX learning outcomes with less emphasis on
simple acquisition of knowledge. .

2]

The test desiG%-should require the trainees to demonstrate
behaviors in the upper achievement areas (i.e., areas 3-7),
listed on pp. 8-10with less stress on assessing those cognitive
behaviors within areas 1 and 2. Of course, not all higher
level learning outcomes will be appropriate for each and

every subject topic (e.g., the ability to calculate would

be an inappropriate expected behavioral outcome in a seminar .
on human reproduotive anatomy and physiology). However,

the general procedure shéuld be to consider the applicability
of the higher order achievement areas before considering those
lower on the list. The relative emphasis provided each of
these behavioral areas when covering a certain subject during
instruction will help guide the allocation of items to specific
behavioral outcomes. The percentage weights assigned

to a, parficular behavior for a specific subject topic will

O
X
o
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be recorded in, the approprlate cells of the Item Spec1f1cat10n‘
Table. (The numbers, in parenthesdh*ylthln each cell, repre-
sent these percentage weights.) &

1

It should be noted here that the table indicates the relative
importance of each cell in terms of an assigned percentage
weight, not in terms of the actual number of items to be
assigned to each cell. Relative numbers of assigned items
will depend upon the decision of how many items will comprise
the total test. (This decision point will be discussed in
the next section.) Before taking up éhe guestion of deter-
mining optimum test size, one further step must be considered.

In order to obtain a more reliable estimate of the numbers of
test items requlred, it mlght be necesbary to subdivide the
topics (within major sub)ect areas) into subtopics. This
procedure will help ensure a more balanced test coverage of
.the‘total subject area. Furthermore, subdividing will result
in a number of discrete, homogenéous sybject subtopics for
which specific test items can be written. For example, the
statistics topic "Measurement and Scales," listed in the table,
.-can. be further subdivided’ into: . ' .

/ 1. V\ar1ab1es and constants
+ 2. Discrete variables
3. Continuous variables ,
\ 4, Nominal measurement
" 5. Ordinal measurement
6. Interval measurement .
L *7. Ratio scales . |
Wlth this breakdown of topics within subject area and subtopics
within topics, the test de51gner will have a comprehensive
blueprlnt from which the test instrument can be consqucted.

.

- getermlnlng Total Number of Test Ttems

e number of items to be included in the comg@hted test
strument is the last decision that must be made jpxior to
bBginning the task of item construction.

.

many testing situations, the number of items administered
determined primarily by the amount of time avgilable for
ting. Since it is strongly recommended that the adminis-
tion of the test instrument be untimed (see p. 42), the
fabtor of time will not put constraints on test jgsize. Since
\ére are no hard and fast rules about numbers of items to be
indlluded in a test, the ultimate decision will be a subjective
one| and should involve the entire training staff. It should
kept in mind, however, that the larger the number of test

.
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items administered, the more adequate will be the test sample
(in terms of course content coverage) and the more reliable
will be the scores derived from testing.

A general guide can be appdied when determining the number of
items to be allocated to the subject matter within major areas.
When each of the topics comprising a subject area has been
further partitioned into a number of discrete subtopics or
sub-areas -- e.g., the subdivision of "Measurement and Scales"
into 7 constituent subtopics (see p. 21) -- an attempt should
be made to construct at least one item for as many of the
sub-areas as is feasible. For example,; when the number of
topics within an area is relatively small (i.e., around 5),

it might be feasible to allocate an item (or items) to each
of the major subtopics.

However, when the number of topics in an area is large, (e.q.,
those comprising the statistical training component, fbr which
only a partial listing of subtopics was provided in Figure 1)
the size of the Item Set that would result if one item|were
constructed ﬁor each subtopic would probably be too large to
be administered effectively (especially. when combined with
the Item Sets sampling the remaining subject areas). In .such
a situation, the recommended procedure is to sample within
subject tepics. That is, instead of one item (or more) per
subtopic, a balanced coverage of a topic can be obtained by
constructing an item (or items) for every other subtopic
listed -- e.g., for the "Measurement and Scales" topic,

items would be constructed for subtopics 1, 3, 5 and 7.
Provided that the selection of subtopics for item writing is

random -- i.e., stGbtopics on the list are selected by ordinal
position (every nth oné) and not simply because good items
can be written for them -- then the resulting item groups will

provide a balanced and representative sample of both the
subject content and cognitive behaviors to,be covered during
the course of instruction. Administratibi of test items,
selected according to the above procedures, will allow a valid
assessment of both trainee achievement and training effective-
ness in raising the level of subject matter competence,

One factor that must be considered when determining the
total number of items to include in the test is the amount

. of prior experience the trainee group has had in taking

ERI
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objective-type tests. Even when the number of test items is
relatively small, a lack of experience in dealing with ob-
jective items can lower the validity of the test for its
intended purposé. (The students participating in the Rennes
Francophone Africa FP/MCH Training Program were not familiar
with the mechanics of objective-type test taking and required
an average ‘time of four hours to complete the 116 item test.)
Introducing inexperienced trainees to the mechanics of taking
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the objective-type test (prior to.the time of administration)
will help cut down the time required for test-taking as well
as allow a greater number of items to be included in the
instrument.

: \
Note: Given the above dlscus51on it is nonetheless possible
to consider a recommendation for ; reasonable ceiling on the
‘number of items to be irncluded in the test instrument. 1In
order to do this, another factor, the tlme allocated to
testing, must be taken into account.

.

er of items administered
is determined for the most part, by the time limits imposed
on the testing. For reasons to be |[discussed (see p, 42),

it is recommended that the test instrument being proposed here
be administered without rigid time j{limits. The only time con-
straint suggested is that each administration of the test be
completed at one sitting so as to minimize the use of train-
ing time for testing purposes. and keep the pre- and post-
testing situations as uniform as*' pgssible. Breaking up the
test into two or more sub-units to be administered on succes-
sive days is possible, but not recdmumended since this would
involve the trainee in an excessive number of time-consuming
test-taking situations (i.e., pogsibly four or more separate
sessions fordfomblned pre- and pos —test1ng) Placing too

much emphasis/ on testing and assessment mxght have a negative
effect on trdinee morale and therefore deqzease the effective-
ness of the training experience. (This i espec1a11y true if
the trainees are middle to high level prégessionals == €.g.,
FP/MCH physicians and program administrators -- who might
resent being subjected to too much testlng and personal
assessment ) i

It is best to adminjister the test during an afternoon session
so that the test period can ‘extend beyond the session to
allow most of the examinees to complete the test. (Although
the test will be untimed, it should be untimed only to the
extent thatxio 90% of the examinees finish the total instru-
percentage of examinees will always take as
much time to complete the test as they are given and there-
fore have to be limited in the amount of time they can take.)
Based upon our experlence in constructing test instruments
for the assessment of training in the area of family plaﬁﬁlng
‘ and maternal/child health we feel that we car recommend that’
(for most testing situations) an instrument made up of 150
items (maximum) should be adequate. If sévetal item formats
‘(e.g., simple and complex multiple-choice, interpretive
exercises) are included with more or less equal frequency,
a test of this length would require approximately three hours

¢ -

RIc ) 785

Aruitoxt provided by Eic:

- N




24
. N - . >
Yoo, ; . T
to complete. (This i& based upon an average trainee's read
and response time of 30-45 seconds for a simple multiple-
choice item; 60-90 seconds for a complex multiple-choice
item, and 60-120 seconds for an item requixing computations
and problem solving, or based upon an interpretive exercise.)
Even allowing for a break, three hours is likely to be the
> limit of most trainees' endurance for test taking, after
wgﬁch the effects of fatigue could seriously impede’ test
erf ance. If, out of all the subject matter to be
overed during training, only the most important material
é%&;e;ected for assessment (see pp. 15-16), then a test )
osed of approximately 150 items should be adequdte in
providing a representative sample of the learning eutcomes
and subject matter for even a lengthy sequence of instruction
coverimg complex material.

Naturally, the more test items that have been subjected to

trial testing and item analysis, the more confident the test
designer can feel that his test items are performing. ef-'
fectively for their intended purpose. The creation of an
item file based on the analysis data (see pp. 121-127) will

.

aid in constructing a test made up of t

"““i\items offering the most valid and reliable sample.
[ *

he least_number of

@
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Use of Objective Items

T

The two types of items most commonly employed in tests de-

signed to measure achievement are the open-ended essay item
.and the objective* or fixed-response item. Which type is
most appropriate for use under a Test-Retest design to assess

the learning outcomes being evaluated? The final selection
“9f objective items was based on two essential factors:

" 1. The serious limitation of.the unreliability of the
scoring of essay-type items (4)., Because scoring.is usu-
ally based on subjective criteria, subject to the impres-
sionistic biases of the examiner, it has been proven time
and again that the same essay can receive different grakﬁ
from different examiners and even from the same examiner
at differerit points in time. To the degree that a test
score reflects the private, subjective, unverlflable im-
pressions and values of one particular scorér,” ,;s de-
ficient in meaning and hence in ugefulness to éﬁe student
who received it or to anyone else (i, e., the rauning
Ftaff) who is interested in the ab111ty or achiewﬁment
(being assessed) (5). If a testing procedure ‘s d951gned
to measure change in subject competence over tlma, then
an unequlvocal, objective scQring procedure is reqgpired
so that changes that do occur can be interpreted a an
increase in competence and not due to variations in the
criteria for scoring between the first and second adminis-
trations of the test.

. 2. Employing objective items affords the opportunity for
a larger and more representative sampling of relevant
course subject content than is possible with essay items.
Only a limited number of essay items can be given during
any one testing session; thus, it is rarely possible to
cover all subject areas adequately, and overemphasis on
some areas of learning and total neglect of others may
result. v,

f%ssay 1tems do, of course, have some decided advantages over
objective items, especially in assessing learning outcomes
where originality or writing ahility are important factors.
In terms of the équctive cited in the Manual, however, essay
items pose several problems that overshadow factors favoring
their tise. The objective item test, presenting far more
items than essay tests and reducing all responses to a form
that can be easily and unamblguously scored, av01ds these
confqpndlng problems (6). .

i
~ J . :

* The term "objective" item actually refers to the fact that
the correct responses are determined at the ‘time of item

construction; this helps to ensure uniformity in assessing
the correctness or appropriateness of the responses given.

» -
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It should be pointed out here that the methodology also calls
for the administration of the identical test both before and
after the period of instkuction. It is possible to employ

. the Pre-/Post-Test design without usxng the same test both
times by constructing a ﬁarallel form* of the test instrument
with comparable items. Due to the excessive amount of time
required and the enormous technical difficulties encountered
when attempting to construct two sets of items, the method-
ology here recommended calls for the admlnlstratlon of the
same set of items on both\occaSLOns. “

Forms of Objective Items |

N

There are several forms of objective items, each .with parti-
cular strengths and weaknésses and each requiring special
skill in construction. »For most applications of this instru-
ment, limiting the number of different forms of the items

used to one or two is strongly recommended. This limits the
number of item-writing skildg that the training staff will
have to master and also eliminates difficulties which may be
encountered in explaining to trainees the procedures for deal-
ing with a number of different types of tasks. The two forms of
[ 1tems recommended, for reasons described below, are multiple
choice items and lnterpretlve exerc1ses. Both forms of items
can be loyed quite effect1véI§ in the assessment of the
impact of 1 tzzitlon in the areas of knowledge, understand-
ing and applicatdion.

Multiple Choice A multiple choice item is one in which a
question 1is posed and t trainee asked to choose the correct
or best answer from a num of listed alternatives. There
are mahy variations on this sic format (such as choosing
the word(s) that best complete statement) but ‘in all cases
the trainee is being asked to seleqt the correct or best
answer from among other incorrect o ess appropriate ones.

is, of course, possible for a person guess the correct
anser of a multiple choice item, but with only one out of
four five alternatives correct, the probability of his
guessi all items is very small. Attention to the details
4 of constructing these items will further reduce the probabi-
lity of a person's guessing correctly every time. (Appendi
C contajins a discussion of multiple choice item ¢constructio
with expmples.) N

. v
! * Fsgentially two test instruments differing only with
r¢spect to the sample of items selected, the two item = |
ets having been equated (through previous trial test- ..
ing) in terms of content validity, difficulty, etc. -

4
¢
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Interp;e:;;e\ﬁﬁe;gises Inéerpretive exercises are especial=- I

ly useful for measuiring achievement of the type discussed on
pp. 8~12. That is, these exercises can best be employed to
assess, understanding and the ability to adapt and apply what
was learned rather than for the assessment of ‘simple recall
and/or recognltlon. Here the examinee is given material
(such as a table, chart, illustration or a paragraph of text)
and is asked a series of questions about it. The examinee's
task is to interpret the material in one of several ways. 1In
some cases, he may be asked to identify which statements are
true; in others he may be asked to 1nd1ca%e\an opinion about
a statement's acquracy; or he may be given a series of mul-
tiple choice items regardlng the material presénted. In gen-
eral, such exerC1seﬂ give the student an opportuﬁity to show
whether he has 1earqed to ‘apply new or old skills to the
interpretation of quamlllar data, ,(Rules for constructlng
interpretive exercises and examples will be found in Appendlx
Cc.) .

Other Forms of ObJectlve Items True/false, matching, and
short answer or fill-ins are other forms of objective items
often used. The major argument against fill-ins and matching'
items is the difficulty in arranging an answer sheet to ac-
commodate them, especially if the scoring is to be done by
computer. Short answer items must always be scored by hand,
since the student must write in a word or phrase. Both forms
are difficult to construct. Matching items may take a 1ong
time to answer and are, in any case, really only another more
compllcated form of-multiple choice item. Short answers or
fill-ins may often lead to ambiguous situations where a ‘number.
of responses could be considered correct. While it is less
possible to guess short answer items correctly (since the
(student rust supply missing information), it is nonetheless
recommended that short answer items be transformed into
multiple choice items. .

The chief argument against true/false items--where a student
.is ,simply asked to state whether an item is true (correct) .or
false (incorrect)--is that there is a 50% chance of guessing
correctly on every item. However, there are other reasons yhy
they should be avoided. It is difficult to make a statement
that may be categorlcally cla331f1ed as true or false and any
distinction such as "more true’ or "more false" clouds the )
issue and makes the item less, valid as a measure of a student's
_competence. Items must be cgnstrugtea very carefunlly to pre-
vent any kind of ambiguity. Again, it is easiest to tyansform
true/false items into multlple choice items, reducing the pos-~
sibility of correct guessing and, at the same time, making all
items consistent in form. )
£ . -
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" General Guidelines for Construction of Objective Items
7

Many of the following suggestions may seem obvious, but pro-
fessionals experienced in reviewing and editing test items
indicate that the most obvious faults are the most frequently
committed in the preparation of objective\gsfts.

I éhghld be stressed that Pre-/Post-Course testing, if it is
to be an accurate means of evaluating both individual achieve-
ment and: the effectiveness of a sequence of traihing,\@ust
provig " the maximum amount of objective data. possible. = The
composition of unambiguous and untricky test items is for this
reasonééhsdﬂutely essential. Unless skillfully written, ~
objecti¥e iteris may suffer some of the disadvantages of the
essay item in that different answers may be of varying degrees
of correctness. Subjectivity will be introduced into scoring
even though the items themselves are "objective, "
It should also be stressed that the test instrument being comn- °
structed is "self-defining"” (7), in the sense that the test
itself defines what constitutes desired competence. The 'test,
in turn, is constructedyhxg;he training staff based upon what
they consider constitutes high level of competence in the
suhject areas under assessment. How carefully the test is con~_
structed is consequently of utmost importance. 1Its validity
as an assessment of subject matter competence rests on the
skillful construction of test items, and on the perception of
the training staff in determining relevant subject areas and
behaviors. It is for this reason that these aspects of the
instrument~have been stressed in the Manual.

N

The following suggéstions and guidelines are provided to help
avoid the difficulties inherent 4n the construction of objective
test items and to help ensure that the items assess only what
they were designed to assess. . f

General Guidelines (8) , .

1. [Keep the level of reading difficulty low. Complexly written
items or the use of unnecessarily technical vocabulary can
put an unfair burden on the test taker and interfere with
the abil%&y to demonstrate competence in the subject matter.

2. Do not take items verbatim from books or lecture notes.
Correct responses to such jtems may be the result of
recognition or rote memorization and may not reflect
undexrstanding. In addition, lifting 4 sentence from its
context may change its meaning. It is best to paraphrase:
material used in:items. - ‘

FRIC | 19 :
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3. The intended correct answer must in fact be correct.
Whenever a correct answer reliés not on undisputed fact;

but on knowledge of opinion or point of view, the sourc
of that opinion must be identifiéd (e.g., "According to
Malthus ..."). ' - \

4. Be certain that all items deal with significant subject
content. Do not use items that rely on knowledge or
understanding of trivialities. Before including any item,

. ask yourself whether it is relevant to the desired com- .
petence of the trainees in the subject area being assessed.

5. Each item should be independent ofewnyother‘item. A
correct . answer on one item should never be a prerequisite
for answering subsequent items correctly. In addition,
items should not provide clues for the solution of other
ltems ~ p

X

6. Avoid recognizable pat{®srns in positioning of correct
regponses. Set the position of the correct response in
a ‘random manner, to avoid the test takers' trying to out-
guess you by figuring out the pattern of responses.

7. Only one alternative should be the correct or most cor-
rect response. Allowing more than one answer to be correct
is confusing to test takers, and in addition turns each
item into a string of "true/false" statements. It is best
to allow only oné answer to be correct. But make sure -
one is correct.

8. Make all alternatives equally plausible to the examinee
who lacks the understanding or ability required to answer
the item. If one or more of the alternatives is obviously |,
ridiculous, even to someone who doesn't have any idea of Y
what, the correct answer might be, the chances of his guessing
correctly are greatly improved.

9. When constructzng the items according to the requirements
in the Item Syéciflcatlon Table, it is best to construct
more than the' number Elanned for the final test instrument.
Extra items will replace items which were initdally accept-
able, but proved to be unsatisfactory (and could not be
adequately revised) when subsequently reviewed. A 20-25%
reserve per Item Set should be sufficient.

10. Bach item constructed should be recorded on a separate
5 X 8 card. This procedure will facilitate the review
and editing of items since it is easier to revise defectiyve
items and to delete from and add to the item pool when edch
item is on a separate card. Also, simply by sorting the
jtem cards, the serial placement §f items for the final
instrument can be arranged and, if necessary, rearranged
until an acceptable order has been achieved.

o , 41
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In addition to the item and correct answer, the content
area and cognitive behavior assessed by the item should
be recorded on the card. This information can be checked
against the cells of the Item Specification Table to
determine if the final test item pool does, in fact,
provide the balancéd coverage outlined in the Table.

Finally, if an item analysis is conducted (see pp. 121-127)
the results for each item should be recorded on the card.
This data will help in the compilation of an effective
item card file that can be used in a future evaluation
study.

Test items should be constructed from two to four weeks
prior to the time of the first Pre-Test, put aside for a
period of time and then critically reviewed for defects.
This procedure will, among other ings, help to uncover
ambiguities and inconsistenci (in subject content,
grammar, vocabulary, spelling, &tc.; which were initially
overlooked. Whenever possible, ‘independent staff members
familiar with the subject material should be called in to
review and criticize the items, help revise defective
items and select replacements from the reserve sets.

o ‘:,‘___‘u
Spec1f1c attention should be given to such factors as the
appropriateness of the test content as well as of the
coghitive behaviors called for within content areas and
the accuracy of the scoring key.

w
In addition to assessing whether each item adheres to the
guidelinés provided above (i.e., nos. 1 - 8), the item
review should involve some additional checks.

a) A‘?ﬁeckhﬁor“ﬁalanced, representative test coverage.

!The question to be answered here is, "do the
items, as constructed, still relate to the
content/behavior cells in the gltem Specification
Table?" 1If a discrepancy exists, the item can either
be revised to conform to its original purpose or re-
classified on the Table according to its new content
and/or behavioral objective. When large numbers of
items are reclassified, a check of the Table'’should .
be made to make sure that all content areas are given
representative item coverage (in terms of the per-

“centage weights specified in the table). When
necessary, reserve Or newly constructed items should

. be added to under-represented areas.

b) If independent staff members (familiar with subject

material under study) take part in the reviews, they
1+ should read each item and answer it, in addition to

¥e
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checking for item defects. Any discrepancy between
their answers and the keyed (correct) answer would be
evaluated by the staff with appropriate action taken
to reduce any ambiguity surrounding the correct
answer to that item.

c) After the final item pool has been compiled and
ordered serially within Item Sets, a final procedure
should be carried out to determine the degree to
which the content and behavioral specifications of
the items actually constructed agree with the item
requirements as originally defined in the Specifica-
tion Table. This is done by recording the number of
each item in the appropriate behavioral outcome/con-
tent cell on the Table (see Figure 1). When all .
item numbers have been recorded, simply check
whether the number of items in each cell corresponds
to the percentage of total items (the number between

. the parentheses) originally allocated to that cell.
If the relative numbers within the cells agree, then
there is evidence that the test instrument will be
assessing a representative sample of the behaviors
and content areas covered during the course of in-
struction (provided, of course, that the Table was
properly constructed according to the guidelines
presented on pp. 12-16). If a large number of cells
show major discrepancies between numbers of items
proposed and items constructed, then items should be
deleted or added until there is concordance between
these values in the majority of cells.

NOTE: For more specific guidelines on construction of the
recommended forms of objective items, with examples and dis-
cussion of poorly constructed items, see Appendix C. .

3

>

Ly

ERIC .7 43

s 5 : -




32

Non-Staff Lecturers and the Problem of Adeguate Item Coverage

The quidelines for conducting the assessment study were originally
designed for use with training programs having a "resident" training staff.
This procedure was based on the assumption that the personnel who designed
the curricudum plan will also conduct the instruction sessions. As field
applications of the methodology continued, however, it became apparent
that the average health-related training program involves input from a
care (i.e., resident) staff as well as fram a number of outside lecturers
who are experts in their respective fields. This 1s especially true for
programs in Family Planning and Maternal/Child Bealth, which require
training in a number of diverse subject areas.*

The training administrators (including staff instructors) are responsible
for the structuring of the training program (as discussed in Chapter II,
pp. 18-21). They develop the camrehensive session-by-sessicn curriculum
plan for the sequence of instruction as well as construct the Item
Specification Table for the assessment. When the core staff conducts all
of the sessions, it has the added responsibility of constructing all the
items camprising the campetence assessment test instrument. This
situation is somewhat altered when outside experts are called in as
lecturers.

While the subject material be covered by outside lecturers is broadly
defined by the training i tors (in accordance with the overall
subject theme of the program\ the specifics of what is covered are
determined by the lecturer (as\gubject expert). Thus, the lecturer has
primary responsibility for the and content of his presentations.
Si:weﬂmesubgectareascoveredbymts;deexpertsarepartofﬂ)etra;nmg
curricula, it will be necessary to assess campetence in these areas. The
visiting lecturer will be the person most qualified to set the standards
for cametence it his particular area of expertise. Therefore, the non-
resident lecturer should becare an integral part of not only the traiming,
but also the assessment of its impact.

* For example, a four month Francophone African Training Program conducted
{in the Spring of 1974) at the National School of Public Health in
Rennes, France, involved the sponsoring staff fram the Department of
Bealth and Family Protection as well as 30 outside instructor/lecturers
fram such areas as Demography,’Statistics, Human Reproduction & Family
Planning, Maternal /'Child Health, Clinic Procedures, Health Administration,
Health Education,etc. ‘
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In order to integrate the outside lecturer into the training program's
evaluation framework, with a clear definition of what is required, a
mxber of steps should be taken:

1. When outside experts are initially asked to conduct certain
sessions, they should be made aware that submitting test items
for the assessment of training would also be necessary. (The
immediate and long range importance of training evaluation as
well as the need to incorporate evaluation into the training
structure during the planning stage should be impressed upon
them at that time.)

2. The lecturers should be provided with the general topic areas
they will be respansible for covering. They should then be
requested to submit to the resident staff a detailed ocutline
of the subject material they plan to present at each session.
This outline should also include judgments concerning the
relative importance (based on the relevance to campetence
reriterion, p. 16) of the topics and subtopics comprising the
subject area to be covered. Relative importance is indicated
by assigning percentage weights which will ultimately determine
the number of items to be allocated to each content camponent
of the subject area (see pp. 16-21) for a dischssion of assigning

> relative weights).

3. Each submitted wutline will be incorporated into a composite
Item Specification Table. For each subject area entry both
the types of ability to be tested and the number of items to
becfa;xsmnctedm'_ubedeteminedarxirecozded(seeﬁguel,
p. 14}.

. -~
4. a. The Item Specification Table will be forwarded to each non-staff
lecturermmﬂaetypesarﬁmnbersofltemshemtod&ugnfor

each subject entry clearly delineated.

b. Anachieverentitem"mfomu'mpaper" should also be provided
to each non-resident lecturer. It would be a camposite paper
composed  of those sections of the Manual which are relevant to
the construction of test items. The paper should include:

-”
- The 7Achj).eve'rentAreasarxisanp1e achievement items
(pp. 8-12).
- Use and forms of objective-items
(pp. 25-27).

- Guidelines and rules for constructing abjective-form
items with examples (pp. 28-31 ard &pperdix C) ¢

'm;smatenalmllprcvndewtsn.delectmrersmﬂlallthe
information necessary to construct objective .items that will
adequately assess substantive knowledge and abilities (1 e.,
* campetence) in specific subject areas.

o . r 4()
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Requiring lecturers to construct such items without proper guide-
lines will probably result in groups of items which are overly
represented by the more canmmon and easily-designed categories
' (understanding terminology, facts and principles), with under-
representation of those measuring more camplex abilities (i.e.,
ability to predict, recamend appropriate action and make
evaluative judgments).*

5. Each of the items submitted should be checked for adequacy in
“terms of the subject contént and ability assessed. Appropriate
changes in item structure and content should then be made. The
types of items submitted should also be checked off on the Item
Spec:.fzmtim'l’ablesothatanassessmentofltem repx&eattatwn
can be done. ;
Ifthefm%.salectimofftemsbytwttnalsmﬂxfollo»—uplten
analysis is not feasible (sée pp 121-~127)far a discussion of item
tzymtsandanalyszs),the;tanssmﬂdbeputamyfoa:amue
and then rechecked for structure and content by the resident
staff beforeputtingto’geﬂ'ertheccnpleted instrument.

Requests for items from visiting lecturers should be made (when
timing permits) several months before the start of instruction.
This will allow each lecturer several weeks to camply as well as
provide adequate time to check submitted items, set them aside for
.a short period and then recheck, reva.seandselectthefmalitsm
for the test instrument. i

* This happened in one field situation and necessitated major revisions
in of the items submitted by visiting lecturers in orxder to make
the item content more representative of the wide range of
ilities subsumed under the assessment of subject campetence. This
extra work on the part of the resident staff might have been avoided
i eadxvxsmmglecuxrerrwelvedacopyofthemttenguldelmes
item samples. .

L)
7
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THE TEST FORMAT

Once the Item Specification Table has been constructed and the
individual items designed, the next step is to determine the
most effective format for presenting these items to the
examinees in a structured testing situation. -

General Considerations -

/The procedures fof test construction and administration to be
described were developed to meet two basic criteria: 5

1) For trainees--neither the test directions or format, nor
the testing environment should produce variation in test
performance that is not correlated with differences in
levels of competence among trainees.

2) Por training administrators-- the test format should
facilitate error-free scoring and should provide economy
of cost, time and effort.

The testing procedure recommended is the one most commonly used
in administering group achievement tests. Each examinee is

given his own set of test items and instructions (in booklet

form) together with a separate sheet for recording item responses.
The examiner could administer the test orally, allowing a uniform
response interval following each item. However, while more eco-
nomical in terms of cost of test materials, this method is not
acceptable for several reasons:

1) Many of the forms of objective items to be included are
too, complex to be easily followed by ear;

2) Examinees cannot return to previously given items, thus
enéouraging guessing rather than thinking through each
item carefully;

3) A structured time limit per item is imposed on the testing
" situation. (As will be described later in this section,
every effort should be made to keep the testing untimed.)

Selecting the best method for reproducing test materials (i.e.,
item booklets and answen, forms) should take into account such
factors as the types of facilities readily availaple to the
test constructor, the number of copies required, the types of
items to be reproduced (e.g., simple worded items vs. drawings,

-
»
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pictures, complex diagrams), and funds available for such use.
(A detailed discussion of available document reproduction tech-
nigues is well beyond the scope of this manual; the reader is
advised to discuss his pdrticular requirements with those who
specialize ihydocument reproduction.) In most cases, the reader
can employ the almost universally available and simple-to-use

techniques of mimeographing and photocopying when duplicating
test materials.

The Test Item Booklet

A variety of methods has been recommended for the layout of

test items, usually suggesting the grouping of all items by

item format (e.g., multiple choice, true/false) and arranging

all items by increasing level of difficulty. However, several
factors, specific to this proposed instrument, require a dif-
ferent item layout than is usually the case. For this instru-
ment, a satisfactory arrangement of items must include the
following considerations: -

1)* This instrument will contain separate gubsets, each
composed of items of varying format.

2) The testing will be administered without time limits.
4
3) The test items will be administered twice to the same
examinees (and possibly again to future trainees).

Given the above factors specific to this test instrument, to-
gether with a number of factors related to achievement testing
in general, the following rules and guidelines should be
employed in the construction of the test item booklet:

1) A separatetresponse sheet for recording answers should
be employedsy no marking should be done in the test

booklet. It is then only necessary to reproduce new

answer sheets, using the same item booklet when re-
administering the instrument. ‘In addition, hand, scoring -
and key punching will be facilitated when all item re-
sponses are displayed serially on one answer sheet.

2) A complete set of directions, with sample items correctly
answered, govering procedures for answering items with
different formats should be displayed on the first pages
of the test booklet. As state earlier, each item subset
may contain several item formgys. Coveringtﬁll types

of items at the outset makes it/ unnecessary repeat
directions each time a different item format \is con-
fronted. Note: The only exception to |this rule is the
Interpretive Exercise Item (see p, 27) Which may require

b
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3)

4)

+ - b
~ . . : N _

its own unique set of direétions which should accompany
the item. (Structure and content of directions are dis- -
cussed on pp. 42-43.) ) ;
Within each subset, items can be grouped by format or

by levels- of difficulty, or both. Either way is equally
acceptable since the conditions requiring one or the

other of the methods do not apply here; that is, group- .
ing by format is required when separate directions for °
each type are given. Also, since the test is untimed

and will be given to adult examinees, it will not be
necessary to arrange items entirely according to *in-
creasing difficulty. (The major assumption underlying
arrangement by difficulty being that, in timed tests,

if the examinee does not have enough time to finish the’
test, he will not have attempted those items he probably
would not have answered correctly had he reached them.)

The entire item (i.e,, the problem statement plus the ,
response alternatives) should be placed on the same
page, or on facing pages. Furthermore, if tables, graphs

diagrams, etc., are presented, they should be placed on
the same page as all items referring to them, or on a
facing page. This is probably the most important rule
related to the arrangement of items, Having to turn
pages back and forth to obtain a complete idea as
presented in an item can be confusing to an exgmiﬁee,
expecially when reference is made to graphs, tables,
etc. Since it is not absolutely necessary to arrange
items in any particular order within item sets, items
can be rearranged on the various pages'so that this
rule is not violated. :

(R T ST

5)

6)

thg arranging items, correct responses to successive

1tems should follow no pattern. When a tentative

ordering of items 1s completed, the corresponding correct
answers should be checked to determine if a repetitive
pattern of response positions has resulted - (e.g., a,b,
a,b,c,a,b,a,b,c, etc.) When this occurs, the pattern

should be altered, either by rearranging the order of
alternatives of several items so that the correct answer
appears in a different position among the possible alter-
natives, or by changing the order of several items. ¢

'

The test title, introductory section (containing a ‘
statement of test purpose) and instructions to examinees
should Take up the first two pageds of the test Eooklgt

Wwith the first set of items following immediately.
Although usually required in timed tests, this instru-

.
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¢ ment does nof réquirk the in¢llsionyef a separate cover
F or Instfuction and Ttem Section separator pages. They

serve no .useful §urpose'ahd only add unnecessary
materials and reproduction cost, (See p.4% for a-dis-
cussion of the rationale for employing a detachable
Intrqductibn/Instructiqn Section when designing the test
booklet for Pre- and Post-Test'use.) :

7. Labeling item sets and individual items. Each. item set
1s considered a separate subtest (to be subjected. . to ~
independent analysis) and should be labeled as such.
Each subset should be preceded by a leading (e.q.,

Item Set 1, JItem Set 2,etc.) and the items within each
subset numbered in succession bégInning with Number 1.
Arrows can be placed between item sets to serve as
separators and to show the progresdion of test items.

Labeling also serves‘to 3id the examinee in test taking.
Placing the same headings, item numbers and arrows on the
answer sheet will reduce the possibility of errors when *
transferring the letters corresponding to the answers
chosen from the test booklet to the answer sheet.

(Thig point is discussed further in the following dis-
cussion on recording answers.)

ot
~

The Answer Sheet - o, ' .

+

Employing a separate answer sheet greatly benefits the test
administrators.by reducing costs and facilitating scoring and
key punching. That using separate answer sheets does not
complicate the examinees' test-takigg;ggxavior is .evidenced
by the fact that many widely employ chievement tests use
separate answer sheets wi:%\sittle or no difficulty, even at
the primary school level. 6 .

There are two general types of answer sheets in current use.

-One is adapgted for hand scoring, using a type of overlay

stencil with holes punched corresponding to the correct
responses., The other type is for machine scoxing and is

‘specially designed to be read by a test-scoring machine or

optical scanner. There is no advantage in using machine
scored sheets unless: a) machine scoring facilities are
readily available; b) the machines can accommodate individual
subtest scoring and; c¢) the number of tests to be brocessed
warrants the expense of machine scoring. A more technical
discussion of this mode of scoring is béyond the scope of this
Manual. The reader considering machine scoring should discuss
his specific needs with the suppliers of such services when he

is planning the layout of items.
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The design of the answer sheet to be hand 'scored or coded for
key punching must be simple so that it provides an unambiguous
task both for the examinee and the  scorer. Systematic errors
either from incorrect recording of responses on the answer

sheet or .from inaccuracies in scoring will confound the analysis
based upon resulting scores.

The layout of the answer sheet can be based on a variety of
formats. The most appropriate format is one which takes into
account the test booklet design as well as some general rules
of test-taking.

1. The general layout of the answer sheet should correspond
to the item format in the test booklet. Item subgroups
should be labeled by set number; items within each set
should be numbered consecutively; beginning with number
1, and there should be separations between subsets with
indicators (arrows) showing the correct progression -pf
items. The labels and arrows, appearing as they do’ en
both the test booklet. and answer sheet, reduce the

' possibility of error in marking answers. Also, the-item
responses are serially displayed on the answer Sheet so
that simple hand scoring can be easily and quickly
carried out. A sample answer sheet, designed for a 75
item test (with 5 item sets), is shown in Figure 2.

2. Owmplete instructions for recording answers' should be
Stated on both the test booklet and answer sheet; sample
items should also be provided in the booklet with space
for responding to them set aside on the answer sheet.
This will allow theggxaminee (before beginning the
actual test) to become famj¥iar with the item formats
and with the procedure for recording answers ‘on the
separate sheet. (Sample items will not be scored.)

. 3

3. Examinees should be instructed to cross out (i.e., place
an "X" through) the letter corresponding to the answer
selected for each item. An "X" will Teadily
appear through the hole§€of the scoring stencil while
ncircles" around the letter may not, resulting in

failure to credit a correctly answered item.




40 :
PIGURE 2
MODEL ANSWER SHEET . '
AN
TRAINEE ID -
— DATE __ . . i .
.
Instructions: Place an X" through the correct, or most correct,
answer alongside the same item number as in the booklet.
Sample Items ’
l. abcad
A 2. abca
SET 1 . ' {
(set 2 cont'd) (sat 3 cont'd) (set 4 cont'd) /
1. abcad S. abca 9. abcd 13. abca . /
, ‘
2, abca 6. abcd 10. abcd 4. abca ,
3. abcd 7. abeca 1. abca 15. abca SCORE 3
SUMMARY ‘
4. abcd 8. abca 122. abca® ¢ !

v - 4 . !
S abcecd 9. abecd 13. abecad ] , SET 1
6. abecd 10. abcad 4. abeca ST S SET2 __
7. abead 1. abed 15. abecd 1. abca |SET3___
8..,abca « ; ‘

AR 12. abca . 2- abca |SET4___
9. abca 13. abecad .3. .;de., SET S
10. abca

14. abca SET 4 4. abca g’:
1. abcad ———
15. abcd 1. abeca 5. abcad
12. abeca
2. abcad 6. abcd
13. abca N
; 3. abca 7. abca
4. abca .
SET 3 4. abcd 8. abca .
15. abecd
. 1. abcd S. abcd 9. abca
L]
2. abecad 6. abcd 10. abcad
3. abca “ 7. abcd 11. abcd
! SET 2 . s
- 4. abcd 8. abcad 12, abcad
l. abcad ,
5. abcd 9. abecd 13. abca
2. abcd )
6. ‘abca 10. ,abcd *14. abca .
3. abcgd \ ‘-
P 7. abecad 11 abcd 15. Yabca
4. abca : . .
8. abcd 12. abcd -~ PND - * §
v Y v -
2 ] ‘

O . ) o - . .
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ADMINISTERING THE INSTRUMENT

The achievement measures derived from the test instrument
described here are based on responses to a/set of structured
stimuli. The test items themselves are only one component of
the total stimulus situation, the other integral part being

the test ipstructions. The interaction of these two components
gives the test situation its structure and provides a standard-
ized basis for measurement. That is, what the completed instru-
ment measures is not only a function of the types of items
employed but also a function of the examinee's conception of
the test's purpose and what he is required to do. Since test
instructions and administration procedures have an influence
upon the measurement obtained, their formulation should be an
integral part of the planning and development of the instrument.
Their develogment should parallel item construction and the
design of theé physical layout. ,

The testing 51tuat}on must be structured s0 as to reduce the
influence on the examinee's test performance of factors other
than those related directly to training outcome.

-~ . *

!
Extraneous Factors

In brder to underscore the importance of the guidelines dis-
cussed in this section, it is necessary to review those ex-
traneous factors that relate to the mechanics of test-taking
and the tes;}ng situation.

1) 'The purpose of the test, depending upon how it is in-
terpreted by the examinees, can positively or negatively
influence test performance. The way in which the test
is presented will have direct effects on such factors
as attitude toward the test, test-taking motivation,
and arousal of test anxiety.

2) Examinees in any structured testing situation vary widely
with respect to prior experience with objective-type
tests. Differéntial sophistication in objective test
taking, unless controlled for, will be reflected in the
variation among subsequent scores.

3) How the test constructor deals with the problem of
"response-guessing"” will influence test performance.
Imposing penalties for guessing can introduce extraneous
score variability due to influence of non-cognitive,
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personality factors. FPor example, when penalties are
assessed for wrong answers ("assumed guessing"), it is
likely that a part of the variation among scores will
be due to individual differences in risk-taking

, behavior.

G} 4) Time constraints can have an effect on measurement out~
come. There are subject areas in which speed of re-
sponse is an integral component of achievement (e.g.,

., measuring proficiency in such areas as typing, short=
hand, telegraphy, airplane navigation, etc.). However,
the objective of this proposed instrument is to measure
both the range of subject information acquired during
training and the ability to adapt and apply this learn-
ing to new situations and not to measure how fast
examinees can respond to.items correctly. In addition,
timed testing conditions introduce the risk of operation
of personality factors (e.g., risk-taking behavior ffeest
anxiety, etc.) which, although not directly correlated
with what is being measured, could affect the measure-
ment outcome. The test should be administered as a
"Work-Limit Test" of the type described by Ebel (9 ),
the objective of which is to determine how much the

N examinee can do, regardless of how fast or how slowly
he works.

The\dbove factors are of primary concern in any testing situ-
atiop where objective-~type items are employed. The need for
such controls is increased when measuring a learning out-
come under a Test/Retest design. Every attempt must be made
to keep the structure of the testing situation as consistent
as possible from-the Test to Retest. The following guidelines
should be employed by the test constructor at the appropriate
stages.

.

Test Instructions

In order to ensure uniformity of task orientation for every
examinee, it is necessary to observe the following rule:
regardless of any references made to the nature of the test
prior to_actual testing, make the assumption that the examinees
know nothing about the nature of the test or the mechanics of
test-taking. The test instructions (in written form) should
structure the testing environment. Test performance must, re-
flect only the behavior the instrument was designed to measure,
not the examinee's ability to decode instructions.

Test administration procedures should provide a testing environ=-
mént that is uniform for all examinees. A number of points

-
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should be covered in the introductory period preceding the
test-taking. These discussion points can be grouped under
several topic areas. .

A3

ENY

1. Test Introduction

a.

The Pre-Test

1) 1In general, examinees should be informed that
they will be given a test that will provide the
training staff with information for use in (})
adjusting the level of instruction to meet the
needs and demands of the curtent trainee group
(see pp. 61-64; Utility of the Pre-Test) and
(2) defining program strengths and weaknesses
when revising it for a future presentation.
They should be informed that another test, to
be given at the end of the course, will be an
integral part of this evaluation. (They should
not, for obvious reasons, be.told that the two
tests will be the same.)

2) While the major emphasis should be on the
importance of the test in helping to improve
training, trainees should also be informed that
the information obtained will help determine
how much they have individually learned as a
result of the sequence of instruction.

The Post-Test

The reintroduction of test purpose should, for the
most part, be exactly the same in structure and
content as at its pre-training counterpart. - The
exception is part (a) which should be revised so
as to reintroduce the test as the second part of
the evaluation procedure that was initiated at

the beginning-of the course.

Note: The test description and instructions should be
printed on the first pages of the test booklet. This
is to ensure that all the introductory material developed
by the test designer’ is presented in a standardized
manner on both administrations.of the test.
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\7. Procedures For Responding and Recording Responses

a: The method for selecting the correct response should
be printed on the first page df the item booklet.*
(This is necessary since the instrument is made up
of a number of subtests, each of which will contain
items varying in format.) 1In addition, the instruc-
tions should be followed by examples of the types of
items covered, together with the correct answers.

b. Trainees should bé requested to read the directions
" silently while they are being read aloud by the
examiner. (This is suggested since examinees do
not always read intZoductory material carefully and
understanding such material is necessary for estab-
lishing the optimal "mental set" for test-taking.)

€. The examiner should demonstrate how to record re-
sponse choices on the separate answer sheet.. A
separate section for recording answers to sample
items (provided in the instructions on the test -
booklet) should be printed on the answer sheet.

d. Trainees should then be instructed to answer the .
sample items, recording their choices on he
separate sheet. These items and the cor;g;p answers
should be covered by the examiner to corr&:ct any
errors in the mechanics of recording.

Note: It is important, so that the test jtems function
with maximum effectiveness, that the examinees understand
the instructions completely before proceeding beyond

this point.

3. Instructions On Time Limits

A printed statement should reflect the fact that the
testing se&sion will not be timed; that all examinees
will have adequate time to attempt all items. ‘They
should be instructed, however, hot to spend more than
(X)** minutes average per item, at first to go through

?the entire>;e§t once and then return to any unanswered
items.

-

¥ Except for directions that should precede the more unique,
complex jtems (e.g., interpretive exercises).
** It is the task of the item writer to determi@e the time re-
quired to answer the average item, depending upon such
factors as item difficulty, total number of test items, retc.
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4. Directions For Guessing

*

Instructions should state that scores will be cal-
culated as the number of jitems answered correctly,
with no penalty for guessing. Examinees should be
strongly encouraged (since unanswered items will be
counted as incorrect) to respond to every item re-
gardless of whether or not they are completely sure
of the correct answer. (They might also he told
that each response given is an important bit of
information which will work to facilitate the
evaluation bping conducted.)

While formulation of g;a_exact wording is the responsibility
of the test de51gner( ), the four factors described above
should be included in simple and unambiguous language to en-
sure that test-taking is as uniform as possible for all
examinees.

A model set of instructions (with Pre-Test Introduction),
incorporating the guidelines covered in this chapter, is il-
lustrated in Appendix D. The model is flexible enough so that
the reader can employ the same format when developing his own
test instrument. (The model is complete for the Pre-Test; it
can be adapted for the Post-Test by making the recommended
changes in the introductory section.)

Note: The introductory material will vary from Test to Retest
while the same group of items is administered each time.
Therefore, in order to minimize the cost of duplicating
test materials, the test booklet should be designed so
that the Pre-Test and, later, the Post-Test Introduction
section can be affixed to the same set of test items.
That is, after initial testing the Pre-Test Introduction
section can be removed from the test booklet and re-
placed with its Post=Test counterpart.

P

Guidelines For Administering The Instrument

The timing of test admlnlstratlon (specifically of the Pre-
Test) can have an unwanted influence on the examinee's per-
formance. While the Post-Test should definitely be administered
during one of the last formal training sessions, the time of
initial testing should be based, in part, on the nature of the
training gzroup.

1. In a 51tuat10n where the tralnlng program brings

individuals from different backgrounds together as a
formal group for the first time, it is best to administer

ERIC o7
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the initial test several days after formal training sessions
have begun. This will allow the participants to become ac-
climated to the training environment. Since they will have
*  totally adapted to the training situation at the time of
retesting, providing a period of adjustment prior to initial
testing will help equalize the conditions underlying the
two administrations of the instrument. When testing is
scheduled in this way, it will be necessary for the test
designer to exclude items assessing subject material covered
in the sessions before the Pre-Test. The added control over
testing conditions should more than compensate for the re-
duction in total course content coverage.

In situations where participants have had time to familiar-
ize themselves with the training environment prior to the

, first formal sessions (e.g., when training courses are
preceded by an orientation program), the Pre-Test can be
administered during the first formal training session.

2. The introductory format (except for the minor changes
suggested on page 43) should be exactly the same for both
administrations of the test. Statements of puppose and

instructions should be repeated orally by the éxaminer on
~~ the Post-Test exactly as they were for the Pre-fest. A

good rule to follow is: treat the administratj of the
Post-Test as if it were being given to the exahinees for
the first time. )

S/

X

3. The same examiner should administer both the Pre-Test
and the Post-Test whenever possible.

4. When the test examiner is someone other than the test
designer, he should become thoroughly familiar with the
test materials prior to the first testing session. He
should study the. test booklet, instructions and answer
sheet thoroughly so that he can administer the test in
exactly the way it was conceived by the test designer

and be capable of answering questions and dealing with
problems should they arise during the course of testing.
It should be obvious that examinees are placed at a dis-
advantage when the examiner is not familiar with the test
materials. |

ERIC
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5. The examiner should respond to all questions related
to test-taking mechanics. He is cautioned, however, not
to attempt to answer questions relating to individual test
items.

6. The examiner shomnld scan each answer sheet as it is
turned in and che;; that each has proper examinee identifi-
cation. The final /administrative task for the examiner is
‘to make sure that 4ll test materials have been returned,
especially the tesk item booklet. .

;7. At the time of pre-testing it is important not to re-
veal the fact that the same test will be readministered

at the end of the training course. If requests for copies
of test items and/or answers are made at the end of the
testing period, the examiner should make a statement to

the effect that items and answers cannot be distributed to __/
examinees since they are a standard part of the |training
program and their effectiveness in future use requires
that they remain confidential. At the same timg, examinees
should be assured (when it is feasible to do sd) that the
results of the evaluation will be made availabl o them -
some time after the course has been completed. . ‘

ERIC 0)
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CHAPTER III

CODING AND PREPARATION OF ‘RESPONSE
DATA FOR“STATISTICAL ANALYSIS

This chapter discusses procedures for preparing the data on
the answer sheet for hand scoring (using scoring stencils) and
for computer-processed scoring (using punched card input).

The reader with ready access to machine scoring facilities

will require special answer sheets designed for that purpose.
This section is therefore optional for those intending to
utilize machine scoring since the preparation of answer gheets
can be left to the personnel in charge of such scoring services.

MANUAL/MECHANICAL PROCESSING \

The Scoring Stencil T

The most reliable method for hand scoring separate answer
sheets is to employ a scoring stencil -- a simple answer sheet
overlay with holes punched corresponding to the correct answers.
The stencil, which can be easily constructed, reduces scoring

to a standardized, mechanical procedure that is less subject

to errors than are the more "free-style" hand-scoring methods.

1. An easy-to-design and inexpensive stencil can be con-
structed by reproducing a copy of the answer sheet and
punching out spaces corresponding to the position of the
correct answers. A sample punched stencil for use with
the answer sheet (provided on p. 40) is shown in Figure 3.
(The dark circles correspond to punched-out areas, desig-
nating answer positions; the dark rectangle when cut out
will reveal the score summary section on the answer  gheet.)

o s - 3

2. An 3lternative to this type of stencil, which is punched
according to a specific set of pre-selected answers, is
a more flexible, reusable type of scoring overlay, similar
to the one shown in Figure 4, which was also designed for
the sample answer form. (The darkened areas correspond
to punched-out windows.) This type is very easy to use.

a) Letters indicating correct answers are written in the
spaces, between the parentheses, which correspond to
their respective item numbers within item subsets.
(The letters when pencilled-in can be erased and the
stencil used again, provided that the same .number of
items is used with the same format.)

48
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FIGURE 3 ,
’
. . MODEL SCORIKG STENCIL I ’
.
FP/MCH Program.2
. TRAINEE ID ' 4/74-&/74
DATE
+
« .
Instructions: Place an "X" through the correct., or most correct,
answer alongside the same item number as in the booklet.
Sarple Items
1. abca
2. abcd . . /’L
-~
& .
SE1 (set 2 cont'd) (set 3 mnt’ (set 4 cont'd) ‘
1. avc@ s. @bca 9. a@ec 13. a@ca
2. a@c e 6. a@ca ' 10. a@ca 14. afca
P
3. abvc@ 7. ab@a 1. @b ca 15. aca
- A
4. @pca 8. ab@a 12. a@cd
5. ab@d 9. @pcg 13. ab@a
.
6. ab@a 0. abc@ 1 abvc@ seT S
7. a@cd 11. abc@ 15. ab@a 1. abc@
8.abC. 12,.bcd v 2,.bcd
:
9. ab@aq © 13, ab@u 3. a@c
. *
10. 2>@¢ 14. a@eca SET 4 4. a@ca
11. a.Cd » 15. .bcd 1. .bcd 5. a.cd .
12. @bcd ' 2. @bca 6. abc@ /_
13. @b e 3. a@ca 7. ab@a
1. @peca T ser3 a. avc@ 8. a@ca
15. a@¢a 1. abc@ " s abc@ 9. @bcad
2. ab@a 6. ab@a 10. ac e
3. abc@ 7. abc@ 11. ab@a )
SEz 4 a@ca 8. abc@ 12. a@cd
1. a>@¢ 5. abc@ 9, @bcad 13. ab@a
2. 2@ 6. @bcad -’ 10. ab@a . 14. ab@d
. 3 22@ 7. a@cd 1. a@ca 15. @bcad
4 2@ 8. ab@a 12. abvc@ ‘B -
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FIGURE 4

~ . |

MODBEL SCORING STENCIL II

} l FP/MCH Program 2
‘ 4/74-7/74
\ ) )
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'ose) 9.(_)
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b) The stencil is placed over the answer sheet so that
subset numbers from the two forms line up and the
"item choices on the answer sheet appear next to théir
item numbers on the stencil. .
c) Subset and composite scores are then calculated and
transferred to the score summary column provided on
the answer sheet. These scores will subsequently be ‘<
transferred to a profile sheet which will display the - |
scores for all examinees. - o

The e Profile ’

Two sets of data will provide the input for the statlstlcal
analysis. The first set is made up of the responses of each
examinee to all the items on both adminjstrations of the test.
This data in the form of an Item/Examinee data matrix is ob-
tained from the individual answer sheets.

The second data set consists of the Test and Retest scores,

both composite and item Subsets. To facilitate the non-
computer analysis of score data, some type of score summary or
profile form should be employed. This is simply a large sheet”
containing the score distributions for each examinee (identified’
by an ID code). Having all scores for all examinees displayed
on such a form eliminates the necessity of having to manipulate
a large number of answer sheets.(i.e., 2 X the number of
examinees) when ana1y21ng score data, a situation conducive to
quantitative error and unnecessary expenditure of time and
labor.

Score profile sheets are not difficult to construct and can be |
based 'upon any number of formats. An example of one type of |
profile, with sample test scbres, is shown in Figure 5. The |
value of using a score profile such as the one in this example |
will become apparent in a later discussion on non-computer |
analysis of score data. It should be noted that the value of,

such a device is reduced if errors occur in transferring scores
from the answer sheets to the pfoflle. Whenever data are being
transferred from one form to another, the forms should be
checked‘ﬁy another individual to ensure re11ab111ty 'of the data.

1. The first step in processing is to assigf§ identification
codes to the response sheets. The response sheet for each

\
Processing For Hand Sco}ing ‘ -
examinee should have the following basic information:

.83
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S FIGURE 5, . : T

-

. ! SCORE PROFELE WITH TET/RET@T SCORES v
FOR 31 EXAMINEES ON A 113 ITEM TEST &

lgp/MCH Program 1+(11/73-12/73)

EXAMINEE ITEM SET 1  ITEM SET 2  ITEM SET 3 COMPOSITE
: T T Rl 2 . T3 R3 £T IR
01 28 34 23 32 9 12 60 78
02 30 42 23 29 4 6 57 77
03 13 )9 4 17 . 3 2 30 38
04 26 43 25 36 B 9 60 88
05 23 26 29 33 5 11 57 80
06 29 37 30 36 7 7 60 80
07 33 33 25 34 7, 12 65 79
08 23 31 21 28 6§ 6 50 65
09 28 32 22 24 L9 8 59 64
10 29 34 24 30 11 1s 64 79
+o1 25 34 21 28 6§ 6 52 68
12 13 29 28 29 4 9 .45 6717
13 .18 35 27 30 10 9 55 74

14 22 35 Y21 30 6 9 9 74 .
) 15 24 36 26 ° 29 6 8 56 .73
16 16 36 19 30 6§ 10 76

" 17 31 41 28 39 8 1D 67 90 -
s 18 T2 36 25 30 - 4 g 49 715
< 19 19 36 23 32 " 6 12 48,, 80
" 20 21 @ 23 31 K71 6 51, 78
21 29 37 24 33 9 13 62h g3
22 8w 31 14 . 29 6 8 28 68
. 23 27 35 16 33 7 ‘9 s0' 77
24 29 3 , 25 32 7 9 61 77
25 28 38 27 30 10 J2° .65 80
26 23 38 25 33 . 8 12 56 83

27 271 29 22 30 ., 7 8 62 67 ,
28 “29 39 29 38 6 12 ‘65 89
. 29 18 . 38 28 28 . "6 g 48 74
0 v 2 35 23 .33, s 7 50 75
31 26 31 w28 33 5 59 73

- - .
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w
a. "’ An exclusive, two-digit (or more) ID number to identify
. the trainee. . .

R. A code to degignate whether the responses are from the
the Pre-Test or Post-Test (e.g., 1 for Pre- and 2
for Post-Test).

c.. The date of administration*to 1dent1fy the spec1f1c
course attended by the trainee. (If more than one

. course is being conducted during the same time period,-
each course should be assigned a code number and the
‘appropriate one written on” the sheet.)

'd ." Z

In certaiﬁ's;tuations it may be necessary to add further

» identification information to the response sheets. For
example, the training staff may wish to evaluate the

&ffectiveness of instruction on various training subgroups

(e.g., professional vs¢ paraprofessional health workers).

"In this case, a code which classifies the trainee into

one or another subgroup would also be entered on the

response sheet.

\
o -

>

2. Each answer sheet should be visually scanned to detect any
items with more than one answer marked. This is necessary.
prior to scoring with some stencils, since only the correct -
answer will .appear through the punched hole. . Multiple-
answWered items are to be regarded as incorrect and should
. be eliminated from scoring. A colored line drawn across
the response choices for those items will show through the

" stericil, indicating to the scorer that the item is to be

% . discounted.

7]
4

»

HAND SCORING PROCEDURES

éeﬁeral Scoring: Item Set and Composite Scores

When deriéing the item set and comp051te scores, the hand
tabulating method used should result in error-free scores with
a.minimum amount of staff time and-effort.

The employment of a scoring stenc11 and separate answer sheets
hds been suggested to facilitafe scoring with reduced errors.
In a further'effort to reduce ,the chances of error and con-,
fuslon when processing 1nd1v1aua1 item response protocols, a
systematic” procedure should be used in tabulating and recording
scores. The approach recommended is as follows:
N _ kY i
"1. Tabulate each item set score separately and record the

0
. 1

)
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score in the place provided on the "answer sheet (see
Figure 2, p. 40). ) .

2. Sum all item set scores, to derive the total (composite)

score and record it on the answer sheet. : .

’ % ¥

3. When all scores have been tabulated and checked, trans-

fer each one to its appropriate space on a score pro-
file form. r ‘

4. Repeat steps 1 - 3 forteach trainee's answer sheet.

v

L4

The Test-score data that are to be used (along with the Re-

test scores) in the sample analysis runs illustrated in

Chapter VII are displayed on the Score Profile Form in Figure 5.
With scores displayed in this manner, summary statistics »
(i.e., means and standard deviations) can be easily computed

for the Pre-Test scores (and later for the Post-Test scores). -
These statistics can be useful when-discussing the trainees
tegt performance, since-they summarize the masses of score . ﬁ
data and provide a'concise description of over all pre-training
(and post-trainihg) levels of subject matter competence,
The importance of carrying out separate analyses of Pre- and

Post-Test data, immediately after tkeir respective administra- 3

. tions, in addition to the combined Pre-/Post-Test daga analysis,

will be discussed further in subsequent sections of the
Manual. . et .
)

Scoring by Trainee Subgroup: 'Item'Set and Composite Scores

It should be noted that on the Score Profile (Figure 5), the
31 trainees were considered as a single group when the item
s€t, composite scores and summary statistics were computed.
An alternative approach is to conduct the score analysis on *
subgroups of trainees, determined on the basis of one or more
rélevant parameters. Some factors that could be used to
define subgroups are the results of. Pre-Test scores (high,
medium, and lgw scoring subgroups), or' the educational/experi-
ential backgr8unds of trainees (e.g., professional vs. para-
professional groupings). The purpose of such groupings would
be to determine whethetr the training has greater or lesser
effectiveness with one group than with others. That is, does
a specific factor such as initial competence or professional
background have some influence on the degree to which the
training instruction is successful in meeting its objective ‘
of increasing subject competence? The decision to subdivide
trainees and the selection of factors that would underlie any
subdivisions will be made by the training administrators
accprding to training objectives and composition ‘of the group.

s I .
s .

o




If the decision is made to put trainees in subgroups, the end
of instruction Pre-/Post-Test analysis of item set and com-
posite score distributions should be conducted separately for
each subgroup so that inter-group comparisons can be made.

In such cases, it is recommended that separate profile sheets
be tised for each trainee subgroup, using the same format as
the Profile in Pigure 5, and employing distinct ID codes to
identify the various subgroup profiles, . :

[}

| COMPUTER PROCESSING
& .
¢ Editing - .
7 .1l. same as processing step 1 for hand scoring (p. 53).
2,  Itemg with more than one answer marked are to be
eliminated from scoring by drawing a line across the
item on the answer sheet. (When punching, the card
columns correspondlng to these items will remain *
blank.*) , . .
3. All item responses should be number coded and trans—
ferred to 80 column key punch coding forms. .(See
Figure 6 for a sample coding form.) Punching should
be dpne from these coding forms and not directly from
the answer sheets, to reduce the possibility of error.
"Coding ' :

, Systematic coding procedures muyst be employed since consider-

able data manipulation is lnvolved, presenting numerous pos-
sibilities for error. The following sequence outlines the .
procedures required to convert the raw data (individual item
responses) to coded data for use in 'punch card proceSSLng.

The format described is requlred for data that is to be
computer-analyzed undetr the spec1f1c s&stem of scoring and
analysis programs presented in the Manual. (See Appendix. E).
- .
1. a) When the response alternatives are listed alphabefi-
cally on the answer sheet, it is necessary to convert

a

“ * Unless a standard Item Aﬁalysis of the Response Data is to
be canducted (see.pp. 121-127) most Item Analysis proce-
dures require a code for differentiating between the types
of possible responses given te an item (i e., the correct, .
incorrect and muitiple response dnd no response.) A
; suggested code is: provlded on page 56, .
. . '

’
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*

responses to their mumeric counterparts (a=1, b=2,
etc.). The converted numbers designating an answer to
an item should be written in to the right of that item.
(Note: For Item Analysis purposes (see pp. 121-127)

no response given should be coded "0" and multipl
responses, whig¢h are to be considered incorrect,

should be coded "9".)

b) When the conversions have been completed for a answer
sheets, each of the sheets should be checked r con-
version errors. If possible, checking should/ be done
by a second person.

2. The response choide numbers should then be trangferre
80-column coding forms. It is assumed that Ahose plah-
ning to use key punch and computer facilitiés wfill have
teady access to standard coding forms. 1If'this is not
the case, a simple form can be construct using the
sample form displayed in Figure 6 as a del.

Punch Card Data Format

In order to run the data with the programs provided in Appen-
dix E, it is necessary to transfer the data to the coding forms
adcording to "a specific punch card format. That is, data are
to.be displayed on the coding forms so that after punching
there is a card (or cards, depending on the number of items)
. for each trainée'containing his responses to all items.*
The first card for each trainee must contain an ID number.
When more than one card per trainee is required, these .cards
should also contain ID numbers to® identify each trainee's
card$ should the data deck become disordered. ,
s :
The data transfer from answer sheet to coding form should pro-
ceed according to the following punch card format (each 80-
cQlumh row on the co&iﬂg form equals one punch card)

iy . R4
-

4
.
®

o >

* A more omplete descriptién of the computer input data
formatg will be found in the documentation for Program
e COMSCOR in Appendix E.

$

FRIC | 6o,
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Data card format (for each trainee):

EY

P

Card 1 ) ) ST
. Columns 1-2 : trainee ID number (required).
Columns 3-80 : 1tem responses. If total number of
. items exceeds 78, extra cards will
be needed. .
Cards 2-4
Columns 1-2 : trainee ID number. > \
.hiolumns 3-80 : item responses.
After thé last trainee's set of responses has been recorded on

the coding form, each set should be checked for possible er-

rors. {(Again, it i$ suggested that cards be checked by a

different person, if possible.) A sample coding form display-

ing the responses of four trainees to a 1l13.item test (from

the Rennes Assessment Study) is shown in Figure 6. s
. -

Nt kY

Keypunching

The only requirement for punching the response data is that a
keypunch comparable to the IBM 029, which employs an EBCDIC
code, be used. The PORTRAN IV programs presented in Appendix
E require that data decks be punched according to this code.
It is suggested that this requirement be discussed with avail-
able computer personnel before the data is punched.

Since all of the numeric data for the complete statistical ana-
lysis will be contained in the Pre-Test and Post-Test item .
response decks, all appropriate procedures for data verifica-
tion should be employed during the punching stage.
In order to avoid confusion during the analysis stage, each
response deck should beﬁﬁiﬁgnatad as either Pre-Test Or Post-
Test. Such identification can be written (with an ink marker)
cither on the front and back data cards or on the top and
‘bottom edges of the card deck.

v

S .3
COMPUTER .SCORING PROCEDURE o BN ity

General Scoring: Item Set and Composite Scores im

The computexr scoring of item responses by separate item sets p
and composite scores will be carried out by Program COMSCOR,

using as input the punched card data decks, the preparation of
which was described above. The prbgram will compute scores

and submary statistics for each itkm set as well as for the

item composite, treating the trainees as a group. A complete
description of the requirements for and capabilities of Pro-

gram COMSCOR is provided in the documentation for the program, °*

4 ) -
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Bealth and Family Protection - 11/8/73.

Pre-Test Item Responses (31 trainees x 113 items)

=]

1324 1 1344423432343091213 333%413

1&24331SH&&;jal1134212éﬂ£&1¢ﬂﬂ3ﬁ%§i2:
42,9423 1 1021134042 14342330 ;4 133332312123
0224243313942 1400244 H2 1231133014143

03403444 12313200 12044333 1.11410043334434
0301123303424+123314044332 11444 2

T lebkal a3 1221134k 42  dds 33334 (2333230912
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in Appendix E. A

Scoring By Trainee Subgroup: Item Set and Compbsite Scores

~- . et [
A variation in the computer.scoring procedure will be neces-
sary if the trainees have been divided into subgroups, and
inter-group scores and item response analyses are required.
The input data deck would be divided into subdecks, each sub-
deck corresponding to a subgroup of trainees, and serving as
data input for analysis of subgroups. For example, with high,
medium, and low score subgroups, the program (COMSCOR) would
be run three times, resulting in three separate item set a
composite score printouts. wWith this data available, it ruld
be possible to make intergroup comparisons to check for iﬁ&‘
differential effects of instruction due to differences in =
group characteristics. Separate subgroup runs for all other ™
computer programs comprising the analysis package would also
be\carried out.

N

Timing of the Scoring: the Pre-Test

Although it is possible to defer the scoring of the responses
to the Pre-Test until the end of the training sequence, run-
ning both Pre- and Post-Test analyses together, it is recom-
mended that the Pre-Test be scored as soon as possible after
its administration. While a comprehensive discussion of this
issue is presented in the next chapter, it should be noted at
this point that the scoring data derived from the Pre-Test can
be valuable to training administrators and instructors, by
giving them information to help guide the c¢ourse of instruc-
tion, to make it more responsive to the needs and demands of
the current trainee group. .

¢

-
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CHAPTER 1V

UTILITY OF THE PRE-TEST

In terms of assessing the effect of training on subject matter
competence, the Pre-Test is used to provide pre-instruction
baseline levels of competence against which the post-training
levels are to be compared. However, the Pre-Test also has

independent utility as a means by which the proposed course
of instruction can be assessed and modified (if necessary) t
meek certain trainee needs and demands.

Before becoming involved in a discussion of the first stage

of data analysis, it is necessary to consider the three basic
assumptions which underlie the evaluative design.

The importance of establishing the validity of these assumptions
rests on the fact that the degree of confidence ascribed to*any
inferences concerning the effectiveness of training is based
upon the degree to which the assumptions are considered

ténable.

Assumption 1. The test item content provides a repre-
sentative sampling of the subject content comprising the
course of instruction. -

Assumption 2. All items were properly constructed and
critically reviewed (with the necessary revisions made) in
accordance with the rules and guidelines presented on pp. 28-
31 and Appendix C. :

IS
Ry

Assumption 3.. The Pre-Test, scores of the trainees should
tend to be quite low across subject -areas. That is, the
incoming trainees should not, as a group, be highly com-
petent in the subject material comprising the training.
There would be little value in compstructing a training
program with students who were already competent in the
material to be covered. (The following section will dis-
cuss situations in which this assumption does not hold.)

One way in which an analysis of the Pre-Test scores can be of
value is as an indicator of whether or not the course material
(as outlined in the curriculum Plan and as represented by the
test item content) is appropriate (or adequate) for the

current group of trainees. Consider, for example, a situation
in which a majority of the trainees score very high (e.g., 80%+)
on one item set and do as expected (see assumption 3, above)

. ' 73

>
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on the remainder of the test. Since the pre-instruction com- .
petence in onge of the subject areas to be covered is already
quite high, it would be a waste of time, both for the train-
ing staff as well as the trainees, to present the course with
the same subject material as outlined .in the original curric-
ulum Plan. It would be necessary to effect some revisions in
the proposed curriculum to make the instruction more relevant
to the demands of the group. This can be easily done by
adopting one of the following procedures:

1. Conider the trainee group as competent in the high
score area and drop the subject area completely from
the curriculum, devoting all of the training time to
a8 coverage of the low-score areas. This might be
done in situations where the scores in orie subject

\\ area are so high that the instructors feel that little
more could be learned by the trainees in that subject
area.

P

2. Keep the subject area in the curriculum, but shift
emphasis away from the high score area toward a more
intensive coverage of the areas in which the trainees
displayed low pré-instruction competence.

3. Keep the subject area in the curriculum, but upgrade
the instruction to a more advanced (and possibly more
difficult) coverage of the subject area. That is, a
segment of instruction would be devoted to coverage of
subject material in an area that required an already
basi¢ level of competence. (This is similar to the
practice of using the introductory course or an
advanced placement exam as the prerequisite to the
intermediate and/or advanced level courses in a
specific area.) 1In some subject areas, it might not
be possible to upgrade the level of instruction so
that it would be better to drop the area from the

. curriculum and concentrate on the other areas (see
option 1).

While it is possible for the trainees as a group to score very
high in certain subject areas and low in others (the type of
situation described above), another type of situation is more
likely to occur. This would be one in which different in-
dividual trainees or trainee subgroups displayed varying
degrees of competence in different subject areas. Such a
possibility might exist since (in many training situations) the
trainees have dissimilar educations, professions, or ex-
perience. Such heterogeneity is quite likely to mani-

fest itself on an achievement test through variations

in scorgs both for the individual trainee as well as for one

i
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or more trainee subgrpups. When the instrument is administered,
as a Pre-Test, to such a heterogeneous group, the picture that
is likely to emerge is one in which a few trainees obtain
consistently high scores, some get consistently low scores and
the majority displays wide variations in the pattern of high
and low scores. Such a high-low profile of score "scatter"

can be used to determine which individuals or groups of
trainees require special instructional attention and the subject
areas in which such attention is required. This can be done by
considering the scores for each segment of instruction (i.e.,

as represented by the separate item sets) independently. On
the basis of each group of item set scores, the trainees can

be grouped (using some pre-defined set of cut-off scores) into
‘high,*' 'medium' or 'low' scoring omtegories. Special atten-
tion could then be provided to those trainees in the 'high'

and those in the 'low' score categories. This special atten-
tion, commensurate with competence level of each of the sub-
groups, could take the form of small group and, when necessary,
individual trainee tutorialsi as well as outside supplementary
readings and/or projects.,

The grouping of trainees, in addition to,helping adapt the
level of instruction to the needs of the trainee subgroups,
can also serve an important evaluative function by adding
another level of evaluation to the already existing stages.

Up to this point, emphasis has been upon an arfalysis of test
data for the total group and for the individual trainee. With
the total group now subdivided into 'high,' 'medium' and 'low'
pre-scoring categories, it will be possible to make a quanti-
tative assessment of the relative impact of instruction in
terms of the trainees' incq%;ng level of competence. Since ~
the possibility exists that¥a trainee's relative increase in
competence is not only a function of the effectiveness of
training, but also a function of the trainee's initial (i.e.,
prg-course) level of competence, an analysis of scores by
traipnee subgroups might prove valuable.

In drder to carry out the analysis at this level it would be
necdssary to rank-order thé trainees on the basis of Pre-Test
scores from highest to lowest score. The trainees would then
be split into 3 groupings of equal (or near equal) size and
the groups labelled as 'high,’ 'medium' and 'low' scorers.

The Test/Retest data for each subgroup would then be subjected
(separately) to the type of analysis described in Chapter vII, ’ ]
The final assessment of training effectiveness would be basid |
on the pooled findings of the gpaIYSis of data for each sub j
group together with a series of inter-group comparisons of |
trenss. |
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1t should be noted at this point that subdividing the trainees
into scoring categories for purposes of individual subgroup
analysis should not be done unless the pre-score data warrant
such a breakdown. For example, if after ranking, only a few
score points separate the highest from the lowest scote, then
it would not be of value to conduct the analysis of subgroups.
It is suggested that separate subgroup analyses be conducted
only when the range is wide enough (e.g., 20 or more points,
with the trainees more or less equally distributed along that
score“range) to help ensure a moderate amount of score differ-
ence between subgroups. A close grouping of Pre-Test scores
would not permit the subdivision of trainees into subgroups
that display discriminable differences in pre-instruction
levels of competence.

Another situation that tould occur is one in which the trainee
group obtains an extremely low mean score (i.e., one approach-
ing zexo) on the Pre-Test. The question that arises is whether
ore?gfzghe curriculum level is unreason +Y high and beyond
the’capabilities of this group, given the amount .,0of instruction
time available. Opinions in this respect would be influenced
xby indications tha&t the trainee group has (pr does not have)
a basic understanding of prerequisite terminology, concepts,
history, etc. The decision would then have to Be made as to .
whether or not the course level of instruction is to be lowered
and; if so, to what degree. A similar question and decision -
would pertain also to any trainee subgroup who fell markedly
below the Pre-Test score levels of the others.

NOTE: 1If, on the basis of data provided by the Pre-Test, the
curriculum and, thus, the course of instruction is revised,
it will also be necessary to make revisions in tHe content
and/or structure of the test instrument and the ubsequent
Test/Retest analysis. The effect on’'the evaluation of train-
ing developing out of these revisions will be taken up in the
discussion on the utility of the Post-Test (see Chapter VI).

¢ N
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THE CURRICULUM AUDIT

Definition and Purpose

On, paged 28-31 (and Appendix C)}, quidelines are given for
facilitacing the construction of test items (prior to the
beginning of instruction) using only the information provided
by the curriculum plan and.the list of specified learning
objectives. It was shown that the learning outcome being
sampled by a test item is defined by the specific grammatical
and semantic structure of that item. Thus it is possible to
ensure, at the time of test construction, that the items
represent a valid sampling of the types of behavioral objec-
tives (i.e., specific learning outcomes) that the training
program attempts to achieve. However,/;f/is not possible to
determine during the test development stage whether or not
the item content is a true representative sample of the types
of subject material actually covered in training:~—Therefore
the issue of content validity requires further consideration.

n the Test/Retegt design, the testing instrument must be

onstructed before the sequence of instruction has actually
been carried out. Unlike the tests of learning common to the |
school and college classroom where test items are usually
written after the subject material has already been covered,
the Pre-/Post~Test instrument consists of items developed
exclusively from the curriculum study plan. The validity of
this ocedure rests on the assumption that what is outlined
in t:ifptudy plan will actually be presented to the trainees
during” the course of instruction. This assumption is warranted
with certain types of formal instruction: an example is the
basic or introductory course where there is a well-defined
core of specific material that must be covered (e.g., dlgebra,
descriptive statistics, English grammar, etc.). 1In this case
the course content generally remains the same, regardless of
the teaching approach used or the instructors involved.

Although there probably are training programs of long standing
whose curriculum plans are well-established and d&ccurately
reflect the structure and‘%ontent of the actual course of
instruction, this is not generally the case. Training programs
are directed toward prenglng individuals for some specific
vocational objective. Once training begins, it is not unusual
for the instructor(s) to alter the subject content (as out-
lined in the curriculum plans) to meet the needs and interests
of the trainee group and to conform to the general level of
subject competence as indicated in a Pre-Test.

- g
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Further, unlike well established courses where both the gub-
ject content and the criteria’xrequired for subject competence
are highly structured, the training program curriculum is
often less well-defined and usuwally undergoes some modifica-
tion eath time the sequgnce of instruction is presented.
Regardless of the cause, there is a high probability of dis-.
parity between subject. topics proposed for study as described

" in the curriculum plan, and the actual areas covered during
instruction. This discrepancy may result in lower contenht
validity of test items developed prior to. the training, thus

. weakening the inferential pgowers of the tést redults. There-
fore, the conclusions drawn from the statistical analysis of
scores ‘must be wejghed against an estimate of the degree of
concordance between the content of instruction and the content
of the test items. This estimate is best obtained from a

" detailed study of the content of instruction as it is actually .
presented, through a Qurriculum Audit.* ° )

The basic requirement for such an audit is a systematic pro-
.cedure for rating the degree of coverage given during each
training session with relation to the specific subject areas
sampled by each test item. This is best accomplished By the
use of a content checklist, a listing of test items classified
by subject content. An explicit statement defining each item's
content can be provided by the test constructor from his test *
blueprint (see pp. 12-16). A checklist is then made by con-
structing a two-way grid with the ditem content list on the
vertical axis and the horizontal axis labeled with the degrees
of coverage (i.e.;.complete/partial/not covered). Aan example
of this type of checklist is:provided in Figure 7. Although .
it is designed for a hypothetical statistics training sequence,
‘the basic form can easily be adapted for any type of training.
(The checklist is incomplete since the numbers and types of
items required to provide adequate coverage of such a training
seguence are too numerous to illustrate here.) -

.

“ .

Concurrent and Retrospecéive Auditing
——

There are essentially two wayd to conduct a curriculum
Audit; namely, concurrently o retrospectively. .

N - . R . 1
1. Concurrent Auditing 2¢ the name implies, is an assegs-

ment &f concordance ducted on a session-by-session L
basis while the traiﬁtyg is in progress. This approach
. N ' : IS '

/! ‘ .
L

"
* Developed by S.M. Wis&;k for the evaluation of Matern§! and
Child Health courses he conducted at the University of .

Pittsburg. ) .

~
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FIGURE 7
-
SAMPLE ITEM COVERAGE CHECKLIST
quant, meth, prog. (stat.)
10/72-2/73 . .
DEGREE OF COURSE COVERAGE
ITEM # CONTENT AREA e
COMPLETE PARTIAL NOT COVERED
1 nominal, ordinal, interval
& ratio measurement scales
2 grouped frequency M
distributions
3 cumulative freduencies
& distributions \J
4 percentiles .
5 percentile ranks '
6 measures of central
tendency: wean, median -
& mode
7 selecting the appropriate s
measure of centrfl ten-
dency . v
8 relationship between centxal] .
tendency measures & the
shapes bf distributions N
<9 meastres of variability | ’ .
10 mathematical operations b , N
with the variance & ~ ’
! wstandard deviation .
11 the 2oncept of the >
random sample M
12 characteristics of.a » .
sampl{ng distribution . ’
13. nmple‘sbatistics as on .
estidators of populat- R4 .
ion parameters: mean & . ' ‘
standard deviation | ' TR
14 normal distributions .
. .
< . -
15 use of the tables?gfs ) ? . A Y| L
the normal distfibut- . [T ——
ion A -
16 statistical hypothesgs , v .
5 &
17 the proiﬂem of error in , N
thesis testi S
h]{po esis testing . .
18 statistical inference: - : i
: selecting the appropr Lo .
statix [ . .
) . " ) i
o 3 .. N
’ . TS T
v ( \)
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requires that an auditor sit in an every tfaining.ses—
.sion. (The auditor should be someone other than the

instructor who is familiar with the nature of the sup-

a)

. b)

ERIC
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ject material.) There are two approaches to congducting
the concurrent audit: :

LN

Employing the Item Coverage Checklist
The auditor should check the training syllabus jd.e.,
‘the curriculum plan) for each ‘session to identilfy
the specific items on the checklist whose jglct
areas are scheduled for discussion. (The items
.should be listed in the sequence in which the sub- °
ject areas they sample are to be covered during
instruction.) During the session he will record

on the checklist, next to those items, whether or
not those subjects were, in fact, presented and the
degree to which they were covered. . .

-

Complete and/or no coverage of a content area can
be designated by placing check marks in the appro- -
priate cells adjoining that area on the checklist,

' A brief sketch of what was and was not covered

" should be recorded, however’ when partial coverage
of a content area is to be noted.
This procedure is condugted for each,of the train--
ing sessions. At the end of training there will be
a record of the degree of coverage of subject areas
sampled by all of the test items. fThe data from
the checklist can then be reduced to a .table of
summary tabulations (see example, p. 73) for use in
the interpretation of the statistical analysis of
test results,

An Alte}native to the Item Checklist

The training seminar is designed as a structured
learning experience for the participants. Seminars
are conducted according to pPredetermined curriculum
plans which structure each sequence of instruction
in terms of the specific subject content to be
covered as well as the sequence .and mode of presen-
tation ef that content. .

In order to maximize the learnin opportunities, it
is often desirable to encourage the two-way (in-
structor gparticipant) over thefone-way (instruc-
tor -y participant) instruction del. When this
type of interactive flexibility Wis emphasized, it
will not always be possible to mdintain high con-
cbrdance between the subject confent of the .seminar

8
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and the content outlined in the curriculum plan.
When the sequence of instruction has been altered,
the subject material reflected by the test items -
may not necessarily be covered in the session
planned, but at a later (and possibly unspecified)
time. When there is, a strong probability that such
alterations in sequence will occur, a variation in
the Concurrent.Audit as desctibed above, should beg,
implemented. i

An auditor would still attend each session but thqlf

Item Coverage Checklist would not be used. 1Instead,

a brief "subject coverage-by-session" table would

be constructed by the attending auditor. That is,

instead of employing a pre-constructed Item Check-

list (as described above) the auditor would compile

a content outline for each session attended.

The additor would list, in sequence, the major sub-

ject areas (by topic and subtopics) together with

a brief description of the content subsumed under

each major heading. Then, for each major topic,

he would describe the degree of content coverage

in terms of substantive variables, such as amount

of time devoted to topic, list of concepts discussed,

types of examples presented and/or computations

carried out, nature and number of student exercises
‘ provided,. etc. '

A table, derived from a statistics seminar, which

. displays a sample entpy for. a training session

covering measures .of central tendency is in Figure 8.

Each description of topic and coverage should be

brief and concise so that the auditor can spend the

major portion of each session attending to the sub-

ject presentation, not filling ‘in the tables. In

most cases, a few key words can be used to describe

‘the topic areas together with a concise paragraph

summarizing the coverage activities. However, enough

information should be provided so that the tables

are self containedpli.e., self-explaining) summaries

of each training se¥sion both in terms of topics and

instructor/participant activities.

Upon completion of the final session of the seminar,
these tabular summaries would be compared with the
items comprising the test instrument. The content
of each item would be compared with the relevant
topic listed in the summary to assess the degree of
concordance between subject content of the item and

» é I e
f
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" SAMPLE SUBJECT COVERAGE~-BY-SESSION TABLE

FIGURE 8

statistics training seminar - 11/16/72)

topic by session

degree of coverage.
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the coverage provided that subject during fhe session. }
This adequacy-of-coverage proc fe would be con- ,ﬂ
ducted on an item-by-item basis. (A bfoad.COMPLEAE/ =~
PARTIAL/NOT COVERED gcale will be a ate foP T
clagsifying each it ee of cove T~
This data can then be. r8duced frequency table
v+ (see pr 73) for later use in the ‘inté tation of

iy

statistical results. . ' g .

NOTE? 3ssigned outside readings providing relevdnt
subject material=mot covered during the’ traihing -~
, sessions should also be noted during the audit.
8imply recording on the audit form used the specific
__Kead 3 —with-a—rfef Weseription of con-

=== tent, will be sufficient. Test items covering pro-
posed outside material can later* be checked mith
the audit te determine if the material was ggtually
assigned. i

.

~

a . - . A

2. Retrospective Auditing When it is not feasible to
conduct the audit during the course of training, it

can be done after the final session on a retrospective
basis. This approach is, essentially, a content anal-
ysis of the instructor's training log describing the
proceedings of each training session. Many instructors
maintain detailed accounts of subject coverage (usually
recorded after each session) throughout the course of
instruction. If this is not the case, the instructor
should be requested to do so, if only for auditing pur-
poses. (The duditors can increase the effectiveness

of .the audit by providing the instructor with an out-
line of the types of data they will require.)

. £
It is possible to employ several staff members to
serve as auditors since a retrospective assessmenX is=»
conducted at a single point in time. The proce es
are basically the same as those for the Concurren
Audit except that the analysis is based upon written ‘
accounts of each session rather than on direct obser-
_vation of instruction by the auditor. The auditors
. check each item on the checklist against the content
data detailed in the 1log to determine the degree of
coverage given to the subject area sampled by the item.
A\ table summarizing #he results is then constructed
(see p. 73) for use in the subsequent test analysis.

Which approach o employ will depend on conditiong ‘specific, to
each training program. Where funds and available staff time
permit, a concurrent approach should be used since the auditor
can base his assessment on direct observation rather th&h having

s .

Q % : -
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R “

to depend on’ the written accounts of the instructor. When
this is not feasible the Retrospective Audit can be used.

' With the latter approach, the maintenance of detailed, written

accounts of each training session conducted must be made an
integral part of the instructor's training schedule.

Using. the Re5u1t§

Regardless of the approach selected, the resulting data will
provide information concerning the degree to which the test
measures.a representative sample of the subject matter con-~
tent under consideration. Wwhile the results of the audit do
not enter into the formal statistical analysis of test dita,

. the findings should be considered when interpreting the data

ERI

in terms of trainee achievement and training effectiveness.
For example, if the audit shows that many of the items were
only partially cow or not covered at all, there is reason
to conclude that the test results are invalid for the subject
areas being assessed. If, on the other hand, the audit finds
a high degree of overlap between items and actual course con-
tent, it can be concluded that the test is assessing those
sibject areas it was designed to assess. -

An illustration of the ¥ay in which the results of an actual
Curriculum Audit were uded in the assessment of content valgd-

i is presented below.
-.Exam le

The spedific trai

£

ni program involved was a 7 week Seminar-
Workshop in Famil)#anning/Popu ation Program Management.

An Evaluation Invenfory, composgé of 85 test items, was con-
structed to measure trainee competence in three major subject
areas. The items were grouped into 3 separate item sets.

The type of audit employed was retrospective.
The subject content of each of the 85 items
was' checked against the detailed descriptions
of subject coverage for “each daily training

- session as reported in the curriculum logbook.
The auditing was conducted by staff members
who were actually involved in instruction and
were familiar with the subject material. Each
item was discussed until all the auditors were
in agreement as to its "degree of coverage”
rating. The resulting data, tabulated from

> the checklist, are reéproduced in the following
table:

Aruitoxt provided by Eic:
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DEGREE OF COVERAGE

T

COMPLETE PARTIAL " NOT COVERED
.SET 1-ITEM Nos.| 1-9; 12; 14-20; 10; 22 |. 11; 13; 21; 29
23-28; 30-32 . .
fseT 2-17EM Nos | 1-28; 30-34 | @ — 29\
SET 3-ITEM Nos..1-12; 14-19 13 -

’

- TOTAL - COMPLETE: 77
. PARTIAL : 3

. ' . NOT COVERED: 5 .
. . - _— i

Less thah 10% (.094) of the 85 items were rated ’

as'not or partially covered by the course in-

struction. The results justified a subjective

assessment of moderate to high content validity.

It was thus concluded that the Inventory items

provided a representative sample of the relevant

subject areas covered in the Seminar-Workshop.

The "not covered” items were omitted from the subsequent scor-
ing and the analysis of test results. This procedure was
acceptable as the number of uncovered items was small and the
total number of items sufficiently large. It is suggested
that when the audit indicates a moderate to high degree of
validity, the "not covered” items should be omitted sincde they
will contribute little to an assessment of what was learned in
the training prograt. ' .

If a large number of items is in the "not covered” or "partial-"*
ly covered" categories, it will probably be necessary to

abandon the Test/Retest design and write a new test to be
administered at the end of instruction. This test can be made
using the Curriculum Audit itself as the subject area check-
list and drawing upon it for new items. (See pp. 74-80 for a
discussion of the Post-Test, and its uses apart from those ,
specific to the Test/Retest assessment), .

]
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CHAPTER VI

UTILITY OF THE POST-TEST

The Post-Test, like its Pre-Test counterpart, serves a func-
tion beyond that of assessing the effect of instruction on the
levels of trainee competence. The Post-Test data, taken alone,
provides information that is similar to the data derived from
the type of test given in most academic situations. That is,
it will indicate,kan individual's level of competence in one

or a number of specified subject areas.

If a group of trainees is preparing to assume job positions
where high levels of competence in the subject matter covered
in training will contribute greatly to their "on the job"
success, then the trainees' performances on an "end of in-
struction” test will provide one indication of their job
readiness. .

. .
Like most "end of instruction” testing situations, the Post~-
Test results alone will indicate only how competent each of
the trainees 1s in each of the subject areas being assessed.
Without the baseline data derived from the. Pre-Test, the
relative contributions of the sequence of instruction and
various pre-training experiences to the competence demon-
strated by the performance of the trainees on the Post-Test,
cannot be assessed. > (v

Although the use of the Post-Test alone is not recommended
when the objective is to assess the impact of instruction on
levels of competence, certain situations will arise (to be
discussed below) in which the only objective data available
are those which were derived from administration of the test in-
*strument at the end of instruction.

Previously (pp. 61-64), the point was made that it will some- -
times be necessary to make revisions in the proposed sequence
of Tnstruction. Such revisions will be called for when the
results of the Pre-Test indicate that the proposed curriculum
is not appropriate for the current group of trainees.

Since changes in the course of instruction involve changes in
subject matter coverage (see pp. 61-64), the assessment of
trainee competence might be directly affected. This is due

to the relationship between the course material and the ob-
jective test instrument. That is, there is a high probability
that since the test items were comstructed from and reflect
the content of the proposed sequence of instruction (as

T *ﬂ
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emphasis on.the material actually covered will create a dis-
parity between the item content and the course content. The
degree of disparity will determine the extent to which the
testing instrument {(administered under a Pre-/Post-Test design)
is, or is not, valid for assessing changes in trainee com-
petence in the subject matter of instruction.

Situations Reguiring ﬁost-Test Revision

An illustration of the type of testing situation that can
arise which necessitates varying degrees of revision in the
curriculum will help clarify this important issue. Consider
the following premiser , ’

On a test instrument assessing competence in 4
subject matter areas, a group of trainees ob-
tained mean Pre-Test scores of 34% on Item Set 1
and 15, 23, and 31% on the other three, respec-
tively. The assumptions (stated on p.61l) are
held to be valid in this case. Thus, tnere is
evidence for concluding that the high Item Set 1
mean score indicates a.very high level of com-

. petence among the total trainee group in the
subject material being assessed by that item set.

Based "upon the above premise, some representative, guidelines
for modifying the assessment design in light of necessary
curriculum revisions can be provided (taking into account the
general suggestions for making curriculum revisions stated in
an earlier discussion, see pp. 61-64). Since the Pre-Test
items cannot be revised, the emphasis will bé upon changes in
the Post-Test items and/or revisions in the overall analysis
of the Pre-/Post-Test data.

' -
75
- . ‘
originally outlined in the curriculum plan), any change in
|

assessed by Item Set 1, when possible, can be
upgraded to a more advanced. complex level of
_coverage (see option 3, p. 62). If this is

done, it will be necessary to construct new

- Set 1 test items to cover this more advanced
material. These items would then replace those
items that were answered correctly by most of
the trainees on the Pre-Test. These new items,
together with ‘those original items which mOs¥¥:.

of the trainees missed on the Pre-Test would

constitute & new Item Set 1 to be administered

on the Post-Test.

—
In terms of analysis, the entire set of Test/

1. The content of instruction im the subjegt area
Retest statistical procedures; as eutiined in
|
|

e T
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Chapter VII would be applied only to the
trainee responses to Item Sets 2-4. Since

the Item Set 1 of the Pre-Test will noew differ
from that of the Post-Test, no Test/Retest
analysis would be conducted for the responses
to Item Set 1 (or for the Composite scores
since the total Pre-Test and Post-Test do not
consist of completely comparable items). In-
stead, the final analysis of the responses to
Item Set 1 would be conducted on the Post-Test
administration only. The analysis of :Item Set
1l data would consist of an assessment of the
number of items correct out of the total num~
ber of itegws, both for the individual trainees
and for the“trainee group. Since there will
be no comparable Pre-Test baseline data for
Item Set 1, the analysis will focus only upon
assessing the trainees®' levels of competence
with the more advanced subject material without
relating these current levels to the effects
of instruction, N

Although the Pre-Test and Post-Test responses
for Set 1 are analyzaed separately and will
provide little direct evidence of the impact
of instruction on competence levels, both
pieces of information can be useful to the
overall assessment in terms of trainee achieve-
ment. That is, the Post-Test data will show
how competent the trainees are in advanced
subject matter ile the Pre-Test results
(for Set 1) display their competence in
subject material at the level which admin-
istrators initially considered appropriate
for the trainee group. :

Thus, a two step analysis is being effected.
The Test/Retest#&nalysis of responses for
Item Sets 2-% wi{l provide the assessment
of traimimg dffectiveness (and job readi-
ness) while the separate analysis of Pre-
Test al§} Post-Test responses for Item Set 1
will provide the amsessment of trainee v
achievement and job readiness with respect
to competence in a specific subject matter
area.

1‘ - A’n
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2. It will not always be possible to elevate the
content of instruction to a more advanced, com- <
plex level in subject areas where the Pre-Test
results indicate existing high levels of (pre-
instruction) trainee competence. This is be-
cause the content of instruction assessed by a
specific item set might have been initially set
at a fairly comprehensive and exhaustive level,
making an upgrading of the subject material
difficult, if not impossible. .

In certain situations it might be more appropriate
either to(l) drop the subject area completely from
the curriculum and concentrate the efforts of in-
struction on coverage of the low score areas
(option 1, p. 62); or (2) retain the subject area
but give it less coverage than originally pro-
posed; place greater emphasis on the subject
areas in -which there were low pre-instruction

. levels of competence (option 2, p. 62).

A change in emphasis on the subject matter of
instruction may or may not necessitate changes in
the item content of the test instrument. This
will be derermined by the nature of the change in
instructional content. This is illustrated below
employing the premise as stated on p. 75.-

a. If the subject material tested by Item Set 1,
the high score area, is either dropped from
the curriculum or given less coverage than
‘originally proposed, more time can be devoted
to coverage of the subject materials tested
by Item Sets 2-4 without adding new content
to the curriculum. Without the addition of
new subject matter it would not be necessary
to construct new and additional test items
for the Post-Test Item Sets 2-4. -

. For purposes of analysis, the Pre-Test and Post-
Test items would be the same for'Item Sets 2-4.
The items of Set 1 can either be completely
deleted from the Post-Test or reduced so that
the Post-Test Item Set 1 consists only of the
items in that set which were missed by most of
the trainees on the pre-testina.*

items of Set 1 and administer them in the Post-Test. This -
option will be valuable when the subject matter being tested

|

1

|

|

i
*An alternative procedure is to retain all of the original
by Set 1 is dropped completely from the cuprriculum. In

' |

|
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Since the competence of the trainees in

the subject material tested under Item

Set 1 was shown to be quite high on the
Pre-Test, these scores will indicate the
level 6f competence among trainees without
relating these levels to the effects of in-
struction.

The Pre-/Post-Test analysis would be conducted
for each of the Item Sets 2-4 and with the 3
sets combined into a Composite score to assess
the impact of the course of instruction on com-
petence. .

b. The open instruction time which results when
subject material in high score areas (i.e., —
Item Set 1) is dropped or given reduced
coverage, can be employed in a coveragew:rﬁ\\é
new subject material added to supplement th
original subject contént in the areas being
tested by Item Sets 2-4., fThen, as was done
with the content of the original curriculum,
objective items would be constructed to test
the trainees' competence with the new matérial.

The original items, together with the new
items would be administered as the Post-Test.
The original items are to be analyzed sep-
arately from the items constructed to cover
the new subject material. Therefore, the
. Post-Test item booklet should be constructed -
so tha& the original items are administered
in their original sequence and the new items
.are presented,at the end, listed according
to item set. N

Since the new items will be administered

only at the end of instruction, theke can
be no Pre-Test baseline data for th
Thus, the analysis of trainee performance with
theé new items would be limited to a f quencg
count of the total correct Kut of the t

this situation, the Item Set 1 would| then serve as a &
trol to determine the changes that cur in responses to
items administered under the Test/Retest design without \
’ the influence of a mediating instructional sequence. _A
;eparate statistical testing of the Test/Retest data for
tem Set 1 would de;g;ﬁine if the score change that occurred
wasakor was not, siynificant.

ERIC - . g0
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certain conclusions can be drawn concerning
the competence of the trainees with the new .

Y material without, however, the capacity to
relate the levels of competence to a specific
learning experience {which in this case would
be the sequence of instruction).

., The item responses for each of the Item Sets

2-4 would be subjected to the standard Pre-~/

Post-Test analysis, both as individual item

sets as well as a combined, composite test.

The results of this ana1y51s would indicate

the effectiveness of the training program in

raising the levels qﬁfcompetence among the

tralnees
The importance of the Curriculum Audit has been illustrated
in a previous discussion. When revisions in the original
course of instruction are required, the Audit will prove
particularly valuable for monitoring changes in the relation-
ship (i.e., the discrepancy) between the course subject
material and the item content. The original Audit should be
updated with newly constructed items and a detailed assess-
ment conducted to determine the degree to ‘which the items
cover the subject matter they were designed to cover. With
the deletions, additions, and reduced coverage of subject

79
number possible on the Post-Test. From this
\
|
|
J

matter that may occur, it is very important to determine the
degree to which the course content presented is actually
covered by the items comprising the Post-Test instrument go
as to maintain the integrity of the assessment study.

NOTE: The results of the administration of the Pre-Test will
not be the only factor to suggest needed change in a proposeqn
course of instruction. Another potential souwyce of change ca
be found in the structure of the training expgrience.

The tralnrng experlence should not consist of a series of
instructor's lectures on fixed topics with the trainees as
passive assimilators of relevant information. The instructor
~should be as respon51ve as possible to the specific educational
needs and demands of the trainees. ¢
. A responsive educational experlence should consist of an
interactive balance amorig| lectures, recitations, discussions
and question and answer se¢ssions. The various cdontributions
of the trainees can, howevér, have an effect on the sequence
and content of instruction. That is, discussion and questions
on the part of the trainees may direct the course of instruc-
tion away from the proposed subject area coverage to a more
peripheral, but relevant, topic. (Negative factors such as

— »
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trainee boredom and disinterest may also dictate a chsnge in
subject matter.) Such flexibility in training structure can,
in most cases, enhance the effectiveness of the educational
experience.

When content changes.occur they should be noted and assessed.
during the Audit and, depending wupon the type of revision
made (i.e., deletion, addition and/or reduced coverage of
subject matter), the test instrument angd subsequent analyses
procedures should be revised according to the guidelines
provided in this chapter.

. i
o
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CHAPTER VII .

ANALYSIé AND INTERPRETATION OF RESPON DATA

3 .ot ’ 3 . .

Ge Considerations .

>

The statistical analysis of testing data can bg ‘conducted
either by manual/mechanical methodg or by computer, employing
the programs provided in Appendix E. The statistical proce-
duresjgnd computations suggested here are not complex and can
be carrled out easily, using prestructured worksheets and a ~
standard desk calculator. It should be emphasized, however,
that hand tabulations and mechanical computations are subject
to numerical errors which often go undetected, and can be time
consuming, especially when the number of trainees or test items
. is large.

. . .
For those with ready access to computer facilities and person-
nel, a programmed analysis should. be considered. Such an anal-
ysis requires less staff time and nhinimizes the probability of
computational error. Regardless 03 the system employed, the Y
quantitative procedures fomprisin the analysis will be the.
same. {

*, \
- \

- \

Qverview

This chdpter considers the statistical analysis and interpre-
tive assgssment of data obtained from the combined pre-/post-
instructipn administrations of the test instrument. There are
three_levels, or stages, ¢of this analysis, each level deter-
mined by whether the focus is on subject area scores (item set
and composiFe), individual trainee scores, or individual item
responses. ,The discussion of the analysis process follows
this stepwise progression. !

For the stages involved with assessing the significance of
score .changes| from Pre- to Post-Test (Stages 1 & 2), several
hypetheses arp presented, derived from a set of questions

which the analysis purportedly will answer.‘ The specific stat-
istical tests appropriate to hypothesis testing in the flrst
stages, as well. as the quantitative procedures employed n later
stages of ana1y31s, are provided here, together with som& basic
analytic assumptions and underlying statistical theory.~ The
discussion of each stage will be supplemented with procedural
examples empoying the Pre-/Post-Test data derived from the
second fleld application of the methodology, conducted at the national

FRIC . . '
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School of Publid Health in Rennes, France.* The computational
.formulas, statisfical tables and worksheets, and stepwise pro-
cedural guidelihes, together with sample results employing the
Rennes data, are presented in Appendix F. )

The computer programs are fully documented in Appendix E, and
therefore will not be given extensive discussion in this chap-
ter. However, as each analysis stage is presented, references
to the appropriate programs will.be made. A procedural flow-
chart for a computer-run analysis is given in Figure 9. This
flowchart is provided to indicate the temporal sequence in
which’ each of the programs is to be run, as well as to sefve
as an illustrative overview of the analytical design. There-
fore, although developed fok computer purposes, the flowchart
can 3lso serve as a general Wnalysis plan to guide those employ-
ing non-computer means. ' .

e

\

"&éﬁNote on Computer Usage: {ﬂ”will be necessary to determine
if a specific computer syst@{ can accommodate the FORTRAN IV
programs as written or if changes in the programs will be
requiréd to provide the recommended output. Wwhen considering
a computer-run analysis, it is suggested that the programming
requirements described in Appendix E be discussed with person-

. nel familiar with the capabilities of the computer system to
be used.

&

ANALYSIS OF DATA

Application of Statistical Tests for the Significance of Pre-
to Post-Test Score Increases . AR

General Considerations The primary questions, the solution of
which comprises the first two stages of the analysis, involve

whether or not the Post-Test scores have increased in magni-_

—=- —tude over their Pre-Test counterparts (on item sets, both for

the trainees individually and as a group), and whether or not

any of the score increases are statistically significant.

* The score and item_response data illustrated here were
derived from a ll?\Item subject competence assessment
instrument,administered under a Test/Retest design to 31
health professionals and paraprofessionals attending a
seven week training program in Health and Family Protection.
The composite, test was subgrouped into three sets. of)51, 45,
and 17 items. Scoring was on a 1 point per itém basis.

Ao
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FIGURE 9

PROGRAM FLOWCHART FOR COMPUTER ‘yLYSIS
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These major queries can be translated into a géneral hypothesis
. that in turn can be partitioned into a set of sub~hypotheses. *

These are tested by the application of appropriate tests of

Statistical significance. -
In order to make the discussion of specific statistical tests
more comprehensible to those not familiar with hypothesis test-
ing and statistical induction, or infer nce, several important
concepts are introduced here. (Those with experience in the
application of tests of significance can skip directly to the
Stage 1 level of analysis, on p. 89.

1. Statistical Inference A set of trainee test scores (on
both Pre- and Post-Test) should be viewed as a sample
drawn from the population of all possible scores that
would be obtained if the same trainees take the ,same
test an infinite number of times: (assuming that on each
test administration, the trainees knew only what they

& knew the first time the test was taken). The mean com-
o puted for this hypothetical infinite set of scores is
the population mean. Correspondingly, for each of ‘the
. infinite number of sample scores, of which the actual'
U scores found are one example, a sample mean can be com-

puted.

-

While any of thé sample means can have the same value as the
population mean, only ‘occasionally will this happen.
Chance factors such as variatiohs in the success of ran-
- dom guessing, dccurring across samples will contribute to -
‘differences in’sample means. Consider now the situqt{on
where examinees are,‘’administered the same test instrument
before and immediately after a sequence of instruction.

In all likelihood, whether the instruction had an influ-
‘ence. on the Post-Test pverformances or not, the test scores
for the two administrations would have different means.
The question to be answered is if the differences in Test
and“Retest score means are attributable to the interven-
ing effects of instfuction or to chance fluctuations of

$ample means about some common population mean.
Ix} - LT

* The application of testé,of statistical significance will*
attempt to determine if the observed differences betwéen
Pre-Test and Post-Test score means reflect actual differ-
ences in the levels of subject competence underlying Pre-
Test and_Post-Tegt performances or simply random score
fluctuat®ons. .
The specific statistical test employed takes random®chance
factors into account. 1If the test results show that there"
is a" low pgg:ability of a difference as large as, or larger

than, the e observed occurring by chance, then the djif- p
ference is id to be statistically signficant.

*
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Depending on the type of research hybothesis that was -
set up as an alternative to the null hypothesis, the .
rejéction of the null hypdthesis will provide the basis
for inferences concerning the effect of instruction.on
levels of subject matter competence. . .

» B r
2. The Wull and Research Hypotheses The null hypothesis
(A,) is what is tested by the application of tgsts of
statistical signzfitance. In order "to determihe whether
the Pre- and Post-Test means are'signiilcantly'different \
from.each other, the strategy employed is to test the
hyootpesis that the means are derived from two random
samglhés drawmr from the same population..

For the first stage of analysis (see p. '89), the null

&

hypothesis will state that training efforts had no ‘effect,

on ingreasing cognition competence. The hypothesis will

be tested by comparing the Pre- and Post-Test score
means. . .

Por tHe second stage (see p. 90), the null hypotHesis
states that the individual trainee's level of competence
was not increased as a result of training. (Operation-/
ally, the hypothesis being tested 1s that the,distribu-/"*
tion of correct and incorrect responses for dach trainge
on each section of the test is independent of the time -
of test administration.) S : ' ‘
The research hypothesis (Hl)eis set up as an alternafive
to the null hypothesis. It 1s formulated to provide for

a definite decision when the null hypothesis 1s rejected
and is baseg on some outcome pfedicted by a theory or by
the research interests of the investigator ({(see example
below) . : )

3. Operationalized va&theses The null hypothesis, as ée-

. ‘scribed above, will be stated in a general form: that
instruction produces\no effect on levels of subject
matter tompetence. n order to test the hypQthesis, it

~ must be stated in operational form. For example, the
first null hypothesis to be posited for testing is that
the mean Pre-Test score -1s egual to the mean Post-Test
score for Item Set 1 (i.e., Hg;d{T1 =4R1). The research
hypothesis will be so stated thet, if the null hypothesis
1s reject®d,. evidence will be provided to support an out=
come predicted (or desired) by, the investigator? 15

L With the type of analysis to be described here, the di-— .
rection of the desired mearr differences is posited n,
advance and is important’ to tie evaluation objectives for

' which the statistical tests were initially called into
use. Assuming that all the proper tontrols, discussed

. s -
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It can therefore be inferred ‘:f wne alternative hypo- )
thes:is 1s d:irecz:ioral :n fawsr cf Post-Score g:::s-.:ha:

the seguence of imstraction contrisuted o tne magnutod

of the score d:ffererages *

. L]

After both +<ne niil and alterratzive nypothes:is nave teen '
posited, the next step 1S tO ccrpute Ine crobanilicy of :
obtaining score d:fferences as great 38 'Cr creater than!
those observes or the assuopiion that the m.ll mypothesis o8
.troe and that wnatever Zifferences were Crserved were due il
chance. For Stage 1, tnis grobability will se Zerived

froxm the applicaz:on cf the.t-Test O the <Tean Test and
.%etes: scores fthe probabilizy value being the walase ¢of

the computed t-statistic). : ® ¥

for Stage.2, the probab:lity will be the wvalue of Zhe

X2 statistic computed from the appl:ication of t! X2
Tes+ to the 1ndividual tralrnee Test/Retest scores,

The question that now arises 1S "now small a probability
is necessary.in ordef to cons:der the score drfferences
glqn;f;cant'?~ The- probability of 2 chance occurrence )
can be 0f any magnituwde between O and 1
ing that an ouzcome as cdiscrepant as that observed could
not happen 1f the null hypothesis were true, and 1, andi-
ing that an outcome as discrepant woulé be certain to
‘on the basis of the null hypothesis). It
sary for the evaluators to decide upon some
obability
consider 1s small enough so that they

(Y

rh

re ne
rticular ™
cance} which
w1ll feel confaid
»ng seduence f£at the vel of subject matter competence)
when the computed probabliity 3s less than this selected
value. The decision as to which particular probabilaty
value to employ will be somewhat arbitrary and can vary
from vne evaluator to the next. -
. ¢ ]
One evaluator may feel that i the observed Test/Retest
score différences would occur by chance with a probabi-
lity of 1 in 10, -then he 1s justified in inferring that
the training is effective. Another might gccept only a.
probability as low as 1 iri.20 1in order that the score
differences be accepted as significant. Still another

may only .accept a probabillg%_égs}ow as 1 in 100; and
some may reguire a‘probability low as 1 im 1000.
> ' '

The position taken in

'0

r

this Manual is that instruction

should have a strong impact on post-competence levels, in -

terms of large increasegs in Post-Test scores before such
data can serve as evidence of training effectiveness.
Therefore, the minimum standards for a statistical judg-
ment .should be as follows: .

. ’

Gy

(r.e., O indicac-

1s there-
value f(called the level cf signifi-

in :nferraing 2 haghly effective train-
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STAGE 1: SUBJECT ARZA SCORES
€ . - .
The first area of analysis 1s the Pre-/Post-Test cerformance
0f the total trainee group on the test as a whcle and on itec -

m e

sets. The assumption underlying thls Stage of analysis 1
that significant increases in levels of competence among
trainees as a result of +<raining should firs: manifest ther— e
selves as significant increzses in Post-Test scores over
Pre-Test scores, Sor ind:ividual 1tern sets and the coaposite

test. The logical guestion to pose at this stage chen 18
whether Oor not the 1ncreased competence 1nvolwves all s:zb-ect
matter covered during the course, or cnly selected areas.

-

The analysis guestion is whether or not the item set ard

composite Post-Test scores show statistically significant .
increases ®ver their Pre-Test counterparts. Since in a Prg-/
Post-Test situation there may be factors other than the
effects of instruction that could cause score increases

(such as random 5core fluctuations), it 1s necessary to .
apply & selected statistical -test to determine the signifi-
cance 0f any observed score increases.

Consider, for example, the test scores illustrated in Figure
10. As, can be observed, all subject area’ scores show positive
mean score gains. Whether or not these gaiAs represent signi-
ficant score increases or simply a function of chance factors
can be determiged by the application of the appropriate test
for statistical significance. .

Figure 10

MEAN PRE-/POST-TEST SCORES FOR ITEM SETS ’AND COMPOSITE TEST

)

,Mmdnun
Sub-ect Area Pre-Test Post-Test % Gain | Possible Score
Item Set 1 23.77 35.06 4%.4 51
Item Set 2 23.87 30.94 29.6 |. . 45 ‘
'Item Set 3 6.74 9.13 35.4 17
Composite 59.39 75.13 38.1 "113° °
R

.
The statistical test selected for this level of analysis is
the t-Test for Related Varjables.

(A variation of the standard t-Test is included in Appendix
F. It was designed by Dr.,David Wolfers, of the Institute
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be recorded on ar. Analys:s Samary Profile .see Figurg 13- |

for use in subseg.ent reporting c¢i tne asséssment |
‘
|

* 2 PRO’RAYS TDEXMERG & TRELVAPR ARE USED FOR THIT STAGE OF THE

-ANALYSIS (see Appendix E)** .

.

STAGE 2: ~INDIVIDUAL TRAINEE SCORES

wWhen the objective is to determine :1f 1individual trainees
have increased their levels of competence from the pre- to
the post-training per:0d, the statistical procedure employed
is the Cha Square Test of Independence. This test 1s applied
to item set and composite score palrs for each trainee. The
score data can be expressed in a 2 X 2 Contingency Table. An
example of this type of table, containing the Pre- and Post-
Composite scores for trainee 201 (see Figure 11), 1s shown
below. (The computational formula and criteria for signifi-
cance for the Chi Square Test, u81ng data from the Table are
prov1ded in Appendix F. )

r . '
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** TROCEAM CEITT? IS TSED FOR THIS STAGE OF DATA ANALYSIS.
‘!see Apgendix EvT* K
. n

STAGE 3: ITEM RESPONSE PATZERNS

The first two stages af analysis involve the application of
statistical procedures for determining the 'significance Oy
Test to Retest score changes by sablect area and for individ-
wal trainees. The objective of the final stage is-to 1solate
the factors which contrihuted to these changes. The data .
gqét be analyzed item-by-item, categorizing each item accord-
ing t@ the type of response pattern that occurred from Test
+d Retest. ‘There are four possible patterns: .

(1) Correct in both Pre-Test and Post-Test (C=¥C) ;

(2) Incorrect in both Pre-Test and Post-Test (I—>I);

(3) Correct in Pre-Test and Incorrect in Post-Test
(C=>I); ‘

(4) 1Incorrect in Pre-Test and Correct in Post-Test
(I-»C).

Categories 1 and 2 are "stable"” jtem response patterns. C-»C
items may have involved subject material that trainees were

*
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i2ems troviie 1ote oz e m=zz.re 2% wre maz-itiie I otre
irorezse .- 3 gt oTat ScriEté-ce. Tr_s zZeas.re lnZ.ca2tés
Tne zmcomt i os téicar lezrnirg Tnat cIc.rrei as, 2 Tesolt

2% wra.-i-z = .8, 2~ Lnz.ofzicr cof Tre Tralning crc-
graz's effgoe inozttzititz tne gf Lts primary 5:}9::-.95.
The Tverall 2% tne sztre Lnctrezses Ls rel.celd CZy tne
C—I _rers. W is tvee =% pattern Zdces cIzour Ln TeSt-Retest
S:13s@T:TS5, 31T :5 fiCuil TO dETermine The Cause wh:iie the

I sniit,car e zorsiderzd a measure of lsarning, 1T cannot

ze ass_ el Tne T-dI Cranges recresenc ’_;lear:;ng;. Sore
assPceio-s 2, e made ndwever. It is pcssitle trnat the pre-
Sorrect resporses res.lwel frorm oling -gueSSInS I naive reason-
inc ratner tnan fro- Trie corpestence witn tne siobtect materal.
The C—¥I iters may contaln amblguoities or .rregilarities in
strictire or content. wren faulty items are included in a test,
variations in response tc these i1tems fror cone testing to the
n@x: are =:ghly probatle. The new learn:ng acguaired during
training may produce confusion, espec:ially on faulty 1tems.

That 18, atterpts 0 apply new information to the guestions or
problens posed by the Post-Test i1tems may result i1n a greater
number of 1incorrect responses than wouald be obtained by guess-
1ng, with little or no understanding, of the subject material.

The C-»I pattern can be the resilt of the common problem asso-
ciated with objective-type 1tems, of "knowning too puch” to -
respond correctly or of over-analysis of 1tems of questionable
structure and intent.

In order to conduct an adeguate apalysis of i1tem response pat-
terns, the 1tem response data shoSld be displayed in tabular
form for each item set and the gomposite test. The types of
tables required are those shown in Figures 11 and 12. The
data in these tables are tabulations of the Test-Retest re-
spopges of the 31 trainees.to the 51 items of Set 1. (While
thé' discussion of the analysis will center on one item subset,
the proceduges involved are the same for all item sets and thé

composite test.)

-
L

To '‘construct such a table, work with the respohses on the
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—— ?p/MCH Progra= 1
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(1) PRE--—--3 ROST (2) PRE---3 POST
T0TAL TOTAL " TOTAL
CORRECT | C==>C c-=31 INCORRECT 1-->1 | 1->¢ ITEMS

poos PRE 7 PRE POST {1+2)
1 28 34 24 4 23 17 13 10 51
2 | 30 42 26 - 4 21 9 -5 16 51
3 13 19 6 7 38 32 25 13 51
4 26 43 25 1 25 8 |. 7 18 51
3. 23,36 19 4 28 15 11 17 51
~6 29 37 28 1 22 14 13 9 51

L1 33 33 28 5 18 18 13 5 51
8 23 31 16 7, 28 20 13 15 51
9 28 32 22 6 23 19 13 10 51
10 29 34 25 4 22 17 13 9 51
11 25 34 21 4 | 26, 17 13 13 51
12 13 . 29 12 1 38 22 21 17 51
13 18 35 15 3 33 16 13 20 51 .
14 22 35 17 5 297 16 11 18 51
15 o 24 36 20, 4 27 15 11 16 51
16 16 36 11 5 35 15 10 25 51
17 31 41 30 1 20 10 9. 11 51
18 2¢ 36 17 3 31 15 12 '} 19 51
19 19 36 16 3 32 15 12 20 51

. 20 21 41 20 1 30 10 9 21 51
21 4 29 37 75 4 22 14 10 12 51
22 8 31 5 3 43, 20 ° 17 26 51

. 23 27 35 22 5 24 16 11 13 5t

24 29 36 23 6 22 15 9 13 51
25 28 38 26 2 23 13 11 12 51

< 26 23 s 21 2 28 13 11 17 51
27 27 29, 15 12 24 22 |- 10 14 51

- 28 29 39 25 4 22 12 | 8 }. 14 51
29 18 38 16 2 33 13}l 10 22 51
30 22 35 J6 6 29 16 10 19 51
31 26 3 23 3 25 20 17 8 51
_ TOTAL: 737 1087 615 122 844 494 372 472 1581
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original Test and Retest answer sheetg, Transferring the data
from the answer sheets to the final table can be facilitated

by means of an item response worksheet. A section of the work-
sheet used to construct the tables in Figures 11 and 12 as well
as the steps invblved in constrcutlng these tables from the
worksheet are fully described in Appendix F.

It should be stated at this point that although the data used
are quantitative, the analysis of item pattern responses is
eSsentially gualitative and subjective in nature. It results
in tentative assumptions rather than substantiated conc1u51ons
derived from rigid statistical testing.

In order to illustrate howe the analysis should be conducted,
an actual situation is described. The following is a summary
of the analysis conducted on the data in Figure 1l1. 1In this
situation, application of tests of statistical significance
found that the Post-Test scores displayed significant gains
over their Pre-Test counterparts. An item response pattern
analysis was conducted in an attempt to isolate the factors
which may have contributed to this significance.

The percentage of total test items having correct Pre-
Test responses is 46.6% with 53.4% being incorrect .
Pre-Test items. Pre- to Post-Test response patterns

were analyzed by comparing changes occurring among
pre-correct items with those pre-incorrect.

83.4% of the pre-correct items were also correct on
the Post-Test, compared with 44.1% of the pre-incorrect
items that were also imcorrect on the Post-Test. This
shows a, greater degree of response stability for the
pre-correct than for the pre-incorre from Test to
Retest. That is, the number of pre-inccorect items
that change from Test to Retest is greater than those
initially correct. *
4
The percentage of total pre-incorrect responses that
Became correct on the Post-Test is 55.9% which repre-
sents the total amount of Pre- to Post-Test Score
increase. This increase is reduced, however, by a
downward shift of 16.6% of the total pre-correct to

" post-incorrect responses.* .
& ©

* The influence of these opposing patterns on relative Test/
Retest score change can best be illustrated by considering
an individual case (see Figure 1l1l). For example, on Item
Set 1 trainee No. 1 displays Pre- and Post-Test scores of
28 and 34, respectively. The score gain of 6 is the result
of two 092951ng patterns of Test to Retest item response

o shift. {(The number of I-»C items is 10 and the number of

C=>»1 items is, 4; from this the net score increased is cal-
E l(:culated as 6 --'i.e., 10-4.

100
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. periods.

This C~»I shift is probably to a large extent some

type of testing artifact which had a negative effect on
overall trainee performance on.Item Set 1. While the
available data do not permit a determination of the
cause(s) of this,artifact, the fact remains that it
does reduce the overall score gain in Item Set 1 to

a certain degree. The net increase in Post-Test

scores was of sufficient magnitude, however,;\to prove
significant when subjected to statistical tggting.

Such an analysis shoul e conducted for each item set and the
¢composite test. In te f the data provided, the breakdown
of Pre- to-Post-Test rZsponse behavior #nto discrete response
pattern categories will be relevant the assessment-of-
training study being proposed. Thg analysis of item patterns |
provides not only a quantitative indicator of the amount of
learning that has occurred from thejpre- to post-instruction
period (i.e., the magnitude of the I-»C shift), but also data
concerning those factors which contribute, both positively and
negatively, to the net score gains, and that portion of re-
sponse behavior where no Test to Retest change occurred.

An item sefygnd composite response pattern analysis is even
more relévant when the Post-Test scores fail to display signi-
ficamt increases over their Pre-Test counterparts. In this
situatidn, the analysis would attempt to isolate those item
respons¢ factors which centributed to the lack of significant
dcore ihcrease. The assumption underlying the analysis in
this case is that non-significance of sdore gain may be the
result of negative factors related to test performance and not
only to the failure of the trainees to fncrease their levels |
of subject competence between the prej/hnq post-instruction

[}

. \
In addition to the distribution of response patterns for tothpl
item groups, the data in that same table (in Figure 11) proyide
item response patterns for _each indivadual trainee. An analysis
of the relative contributibnlzf each response pattern to the
trainee's post-scores will, ke the analysis of item groups,
help isolate those test factors that contributed to the train-
ee's achievement of (or failure to dchieve) significant score gains.
Te;t/Retest item response patterns can also be assessed by
individual item. A table of response patterns generated for
each of the 51 items of Set 1 is illustrated in Figure 12.
For each item, comparisons of the frequencies in each response
pattern category will indicate the relative contribution of
that item to the Pre- to Post-Test score change. Again, since
the - focus is dg‘score increases, the item patterns involving
change (I-»C and C-»I) would be examiped. Those items caqntri-
buting most to the Post-Test score increase will be those with .,
the highest ff‘.uency of response change in the I-#C category.
For example, Item No. 27 (with C-%I and I-»C frequencies of

RIC . 1\0 i -
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T ard [T resgectively' nmaszes a greater relative contribution
%2 re Test Fetest scocre Lncrease tnan Iter No. 9 (with a C-»I
frez.etcy 25 L7 ard a~ I-7 2f %,. A corparisicn of each
iter's resporse fatIerns witn tndse-£f every other 1tem in the
ca=le wi..32 ze = =e Zonscoing and Lnnecessary sinte the rmost
rIe_evart LTeT reSIinse patiern assesiiznts are tnose at the
1tex groiz itex sets and compesite test) and tndividual N
Trzecse .evels. Hiwever, wne evaloator sncild examine data
=5 v zemerazei f2r ne lterm takles ‘:.e,, the taeble in
Fiz.or =2 sz%z.- 2 —ers cInplese tictiare of Test/Retest
resoe ~zwvisr dow- w2 and incllding tne individual 1ter
level. ’
Is L zlsz ze\osef.l 1f s<aff w:ire permits, %o compare thel
res.lzs 2f wre ris.lm 2.3t ‘see Chapter V) with the data
sroviided 1n tne d:vidlal Lter zakles. The sodgments of
lecree tf oo.rse Ppoverace given tne Iontent assessed by indi-
wid.al szem=s zar te cocorareld wlth tne Lter pattern response
fres.ersies w: Zewerrine oI variatifns in iter content cover-
23¢ are reflected .n variat:ions in tne response patter freguen-
s_es. Tor exarzle, crne nypoinesis tnat rmignht be evaluated 1is
<mz< tre TIre CoOTpLete 2 test iter's content s judged <o have
Teer TTvered furing LnSTrUoTion,s Tne higher will be the fre-
z.erTy .7 tne iLten's -7 catzegory and the lower the freguency
iy tne I categcry.
Lotevnc =7 t-e response patterns of ind1v:dual i1tems 1s also
~elzf_ 1 ir Zeterrin:ing tne Soaiilty of items. Items which have
nigr freg.ency of =3I or I-3¥I responses should be carefully
reviewed. Eaving tois infcrmazion avarlable for indaivaidual
items Sreztly aS5Si1sts tne -ter analysis discussed onh pages 121-
T, N
The validiey 2 wne .zex Zattern analys:s depends upon how well
sse .=ems =re~se.ves were constriucted. If it can be assumed
wnat ne .ters are adeguately designed and actually measure
what tney @ere Zes:igned to measure, then such an analysis com-
cired <i1tn tme szat:istical test results of Stages.l and 2 will
provide —ost of wne Zata wnach will contribute to decisions
ccnzerning wraining effect:iveness ang trainee achievement at
wne _evel cf sirtect matter competence.
*t TELGREAM ITIMPAT WILL GENERATE THE ITEM PATTERN TABLES OF THE

TWPE TLLUSTRATED IN FIGURES 1l AND 12 (see Appendix E)** :

. 7
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USING THE ANALYSIS RESULTS: EQALUATfNG TRAINING '

The final results of the statistical analysis of score data’
(stages 1 and 2) should be recorded on an analysis summary
table of the type shown in Figure 13*. 1In this way the staff .
will have (all on one form) the score distributions with their
respective means an¥ standard deviations together with a sum-
mary of results from the application of tests of significance
to the trainee group as well as individual tra e Test/Retest
scores. The score data 1s grouped by separate "iiem subsets
(e.g., Item Sets 1-3) as well as by total (composite) test.
These data, when combined with the results of the response pat-
tern ana¥¥sis and Curriculum 2udit providé a comprehensive
profile of a trainee group's performance in a pre-/post- *
instruction testing situation. (NOTE: W®hen data have been
analyzed by trainee subgroup, the score data for each grouping
should be presented separafely -- to facilitate inter-group
comparisons -- either on the same or, when the number of train-
ees is large, bq separate summary sheets.) . . .

valid inferences concerning training effectivenesg and trainee
achievement in the area of subject matter competénce can be
drawn from this body of data if the test instrument which
generdted these data was constructed according to the struc-
tured guidelines provided. 1In addition, certain technical
factors relating to statistical testing and achievement crite®
ria, when taken into consideration, increase the confidence
with which such inferencds can be drawn. .o ¢

Statistical Test Results When interpreting the results of *
repeated #pplication of tests of significance to the item
group and individual trainee score gains, only a large number
of "significant" differences should be accepted as providing
evidence for the effectiveness of training. This is d to
the fact that when a large number of statistical tests is
applied to a body of score data, a smal}, number of significant
results can be expected to occur by chance alone.** One or a
. few marginally "significant” results (from a large number of
test applications) can, therefore, be misleading, but +he con-
sistency of a large number of "significant"” differences can
serve as a valid indication 6f the positive impact of instruc-
tion on levels of subject.competence. Therefore, even when

* "ns” i:§;:ates non—éﬁgnificant score éains.while p .05 and ‘\

p £.01 indicate score increases found to be statistically 4
significant at or beyond the 5% and 1% levels, respectively.

** Both Kish (10) and Selvin:¥ll) discuss this factor in their
assessment of the application. and misuse of tests of signi-
ficance in research; computational formulas are provided for
estimating the number of significant results to be expected
by chance when X number of statistical tests are applied. .

ll.l z " : |
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the item set and composite scores are found to be significant,
,the total number of "significant” Test/Retest score differences
within item groups must be considered and weighed as evidence.
For example, in Figure 13, the large number of significant
decisions among trainees for Item Set 1 (1.e., 16 out of-21)
and the composite test (23 out of jl) provides a strong indi-
cation of the positive impact of instruction on competence,
both“with the subject matter sampled by Set 1 and wlth the
overall subject matter. However, only é of the 31 trainees R
displayed significant score gains in Set 2 and none was dis-
played in Set 3. Given the high significance of the mean stCore.
gains in these two areas (i.e., p «.0l), the small number of
within-set "significant” decisions indicates that the training

+ was less effective in raising levels of competence in these two
areas than with the Set 1 material and the overall material.
Reporting (in the_final write-up) both the overall results of
testing for the item sets and composite together with number of
"significant" results out of total tests applied within item
groups will allow a more adequate and reliable assessment of
training effectiveness in general and will allow the evaluators
to assess the relative effectiveness of training by subject
areas and by individual trainees within subject areas.

One final consideration regarding statistical test results:
although both the 5% and 1% levels are suggested here as accept-
able significance levels when assessing score gain, the training
staff might want to consider only the more substantial score
gains as providing evidence of training effectiveness. 1In *
such cases, the staff might only accept as evidence those score
gains significant at the 1% level or higher (e.g., the .005 or
.001 levels). The higher the level of significance for a par-
ticular Test/Retest score gain, the more confident will be the
1nferences drawn concerning the impact of instruction in affect-
ing competence levels. (The reader can set significance levels
different from those suggested here and obtain the sampling
distributions for these levels -- like those provided in Figure
F2 for the 5% and 1% levels -- from any standard statistics
text.)

.Criteria of Achievement Another technical factor that must be
considered when interpreting the testing results is establish-
ing criteria of achievement, 1.e., defining standards of what
constitutes high competence in a particular subject matter
area. "

.~

It will not usually be possible for a training staff to set
meaningful, pre-determined score values which the trainees must
attain or exceed in order to be considered highly competent in
one or another subject area. The reason for this lies with the
nature of the subject matter covered during instruction. Accord-
ing to Ebel (12},

©
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"cOurséacontent is usually selected on the basis of subjec—
tive decisions, often by individual instructors. As such,
it hardly possesses the characteristics of an absdlute stan-
dard of achievement. Nor is it ordinarily possible for the
constructor of an objective testhQ gauge the difficulty of
his items_precisely enough to define a fixed standar@ of
achievement with-.respect to that content." . ) \\

AN
-+.If it is not possible to set meaning%ul cut-off scores for
determining high competence in the pos -instruction period,’
another indicator, or set of indicatorz& of training effective-
ness must be employed. . ’

e

\
The first indicator to consider is the results of the applica- .
tion of tests of statistical significance. However, even when h
there are highly significant Pre~ to Post-Test score increases, N
these may or may not be acceptable to the staff as an indica-
tion of training effectiveness. Consider‘ for example, a test
with a maximum score of 100. A mean composite score increase
(all trainees) from a Pre-Test of 20 to 45 on the Post-Test is
found to be statistically significant. Given the significant
finding, the training staff is faced with the task of assessing |
how effective the training sequence was (and how competent the
trainees are) when an average of 55% (i.e., 100-45) of the
subject material sampled by the test items was not learned.

In this situation, the significance of the score gain is not
sufficient evidence for any definitive evaludtive decision.
This, combined with the usual absence of established criteria
against which trainees' scores can be compared, makes -it neces-
sary to carry out a further assessment of testing results.

Y

Level and Magnitude of Score Movement .

A

-

Along with the magnitude of the Pre-to Post-Test score move-

ment, the level at which that movement occurs must also be con-
sidered when drawing inferences concerning training effective- ¢
ness. That is, trainees may be distinguished according to

subject competence reflected by the magnitude of the Post-Test
scores and/or their achievement which reflects their performance
on the the Post-Test compared with their performance on the
Pre-Test. Training administrators and the ;;afhee supervisors

(iry the post-training johssituation) will b interested in both
thése parameters. .

r

]

The amount of coméé;ence a train displays will be of obvious
interest to those who are responéible for placing him in a job
or assigning him job duties. The training administrators will
also be interested in seeing that /the trainees demonstrate high
levels of competence, as indjcative of the effectiveness of
their training efforts.

/ ' ™S .
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. The ‘amount of achievement displayed, however, is also an impor-
tant piece of information for all concerned. To take an obvious
case: if two trainees complete a training sequence with Post-
Test scores of 90%, it can be assumed that they are, more or
less, equally competent with the subject matter being assessed.
However, if one of these trainees started out with a Pre-Test
score of 40% and the other with a Pre€%Test score of 85%, the
large amount-of achievement demonstrated by the first trainee
may be said to show: a) that the sequence of instruction was
hrghly effectiveé in increasing his subject matter competence
and b) that he ' has a great capacity for self-improvement,
which could.be an important quality to take into account when
deciding what job to assign him,

In addition ‘to the amount of achievement (i.e., the magnitude
of the Pre- to Post-Test score movement), the level at which
the score movement fakes place within the possible range of
score change will be of importance. In.order to consider' both
parameters of achievement, it is recommended that an additional
/ score be computed for all groups, subgroups and individual ele-
ments; that is, for the entire trainee group, for the total
item group, for trainee and item subgroups and for individual
trainees and items. Such a score would consist of the sum of
a competence score (i.e., the Post-Test score) and an achieve-
ment score (i.e., the Post-Test score minus the Preé-Test score).
. Giving both scores equal weﬁght in computing the néw combined
score allows: for a trainee who has made a great score gain to
show well in. the overall picture, even if his final competence
score may be somewhat lower than that of another trainee. .

- A sample set © cOmbinedd%cores of the type described above is
displayed ég;ﬂégure 14. 1In the sample, the combined Achieve-~
ment/Compet€nce” scores (A+C) are grouped from highest (190) to
lowest (30) by intervals of 10 score units. It should be noted
that the listing is not exhaustive of all phssible combinations
of competence scores and achievement score§, but dnly a small
sample of possible combinations that serves to illusfrate the
necessity of considering not only the magnitude of the score
increase but also the level at which the increase occurred.

As can be seen, the highest possible A+€ score is 190, based on
a Test score of 10 and a perfect Retest score of 100 while the
lowest score possible 1is 3q based on Test and Retest scoreés oﬁ;&
10 and 20, respectivelys* o~

*

.

e T B
* Actually the highest A+C score possible is 20Q based on a
Test score of 0 and Retest score of 100 (where € = 100 &
A = 100) and the lowest possible is 0 where the Test an
Retest scores are both 0, For purposes of illustration/| °*
however, not all possible A+C stores are necessary.
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FIGURE 14 A

ACHIEVEMENT/COMPETENCE SCORES (UNWEIGHTED)

Highest to lowest possible, intervals of 10 points:
by ,

> Pre =» Post S A+C
10 «»-100 = 190 20 =» 60 = 100
. . 40 -» 70 = 100
20 ~\’.100 = 180 ’ 60 = 80 = 100
- - 80 => 90 =1
o . 10.~» 90 =170
30 =» 100 = 170 10 => 50 = 90 ;
o 30 = 60 =90
20 =» 90 = 160 50 = 70 ~\= 90
40 —» 100 = 160 70 =» 80 = 90
" 10 -» 80 = 150 20 =-» 50 + = 80
30'=» 90 = 150 40 =» 60 = 80
50 => 100 = 150 P 60 =» 70 = 80
20 =» 80 = 140 30 =» 50 = 70
40 =» 90 = 140 50 =» 60 = 70
60 = 100 = 140
20 => 40 = 60
100 =>» 70 = 130 40 = 50 = 60
50 =» 90 = 130
70 =» 100 = 130 . 10 -» 30 = 50
: 30 = .40 = 50
20 = 70 = 120 .
40 —» 80 =120 20 = 30 = 40
60 =» 90 = 120
80 =¥ 100 = 120 10 —=» 20 = 30
10 —» 60 = 110
30 =» 70 = 110
50 —» 80 = 110 3
70 =» 90 = 110
90 =» 100 = 110




What Hoes the A+C score tell the evaluator? It is quite clear
that upper scores (140-190) reflect both a high degree of com-
petence as well as a high degree of achievement. One could
infer from these data a highly effectivg training program.

That is, the. trainees started off with very low Pre-Test scores
and displayZé large score gains (i.e., high achievement) with

a resulting high Post-Test score (i.e., high competence). Sim-
ilarly, low A+C scores (i.e., 30-60) indicate a situation where
- trainees began with low Pre-Test sgoOres, made low to moderate
score gains, and completed a sequeghce of instruction with rela-
tively low levels of competence I the subject area under assess-

. ment. The need to revise the cufriculum would be indicated on

the basis of these low A+C scoreg.

Consider, however, the combinatigns of Test and Rekest

scores which provide an A+C scopke of 110. (Refer to the data

in Figure 14.) As can be seéen,/both a low Pre-Test score of

10 and a high Pre-Test score of 70 can result in an A+C score
of 110. Here, a low Pre-Test/level of 10 combined with a
moderately large score gain Sf 50, and a high Pre-Test level

of 70 coupled with a relatipely low gain of 20 result in the
same A+C score. It is cle from the data that the first score
situation (i.e., 10=»60) /displays a greater magnitude of
achievement than the secghd situation (i.e., 70—»90). However,
the 70 — 90 score changef reflects a higher level of post-training
competence than does theé 10 —» 60 change. What inferences can
be drawn concerning thg impact of the training experience based
upon thes%,two testing situations? It would seem that one can-
not readily draw any/definite conclusions.

v Since competence axnd achievement are given equal weight, it
cannot be readily/determined which of the two score situations
represents the mére effective training experience. Such con-

* clusions will bé based upon the criterion for effectiveness
selected by the evaluator(s). That is, if the highest level
of competencg attained is the effectiveness criterion, then the
second testing situation {(i.e., 70—>99) will reflect a more
effective} raining sequence than the 10—»60 situation.

However,/ if the effectiveness criterion is the magnitude of

achievement, than a different picture emerges. 1In this case,

the fy¥rst score situation (l0—»60) displays a greater degree

of aghievement. than the 70—>»90) situatior. Based upon the

achjevement criterion, then, the first score .situation reflects

a ?ore effective training sequence than the second.

b

yince competence and achievement are afforded equal weight in
Jtomputing the A+C scores, the evaluator might decide to consider
/ any combination of achievement and competence scores resulting

in similar A+C scores as reflecting equal, levels of effective-

ness (or ineffectiveness, as the case may be). Based upon this

»

. &

Q
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reasoning, the scores situations 10—~>»60, 30—»70, 50—»80,
70 ~» 90 and 30 —»100, since they, all have an A+C score of
110, would be considered by the evaluator as equal levels

of training effectiveness.

The use of unweighted A+ scores of the type described above
is based upon the assumption that equal gains of rav-score
points (anywhere along the entire range of potential scores)
represent equal increments in competence or achievement.
This means, for example, that it is as difficult to increase
a Pre-Test scote from 20 —»40 on the Post-Test as it is to
increase a score from 60—»8(Q, both of which involve equal
increments of 20 raw-score points.

If evaluators are willing to accept this assumption, then
the use of unweighted A+C scores can be used to draw infer-
ences concerning training effectiveness and trainee achieve-
ment. ,
However, the strong possibility exists that the difficulty
_ in increasing a score a certain number of raw-points varies
at different levels along the range of possible scores.
That is, equal gains of score points may not correspond to
equal increments in competence (or achievement) at all points
along the score range. Some evidence to support thig con-
.tention is provided by Diederich (13) in an article describ-
ing the results of Pre~ and Post-Tests given to 1,400 college
students. In a discussion of the difficulty in translating
gains of raw-score points into increments of ability (or
achievement), he states that "it is harder to get from the
mean (score) up to plus one standard.deviation than it is
to get from minus one ‘standard deviation up to the mean."
(Of course, this finding cannot be generalized to all test
situations, with a high degree of confidence, without fur-
ther study.) . !

If the evaluators accept this assumption as true in_their
particular testing situation, then it is necessayy when
deriving the A+C scores to use weighted values. Hat is,
the scores should be weighted to reflect the assumption
that as you increase the Pre-Test score level, it becomes
increasingly difficult to increase that score (on the Post-
Test) by X number of raw-score points. For example, the
weighted A+C score will show that it is more difficult to
increase a pre-score of 50 to a post-score of 70 than it

is to raise a pre-score of 30 to a post-score of 50.

The relatively highex( level of achievement attained in increasing

! .
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a score from, say, 50 to 70 compared to that of increasing a
score from 30 to 50 will also be reflected by the weighted a+C
scores.

oy
The weighted A+C score curves of Figure 15 and the table in-
Figure 15A displaying both Test and Retest scores and the
derived weighted A+C values will serve to illustrate the use
of the weighted score in the assessment of the effectiveness
of a sequence of training. (The mathematical equation and the
parameter values employed in generating the series of curves
from which the A+C score values are derived are provided in
APPENDIX G*.)

The A+C curves and the Test, Retest and weidhted A+C score '
values are, like the-unweighted score data in Figure 14, for
illustrative purposes and represent only a small sample of
possible score curves 'and combingfions of score values that
would result from a large numb of Test/Retest administrations
of the same instrument. .

Before discussing how the weighted scores might be employed in
the assessment process, the procedure for deriving the weighted
values for any series of Test and Retest scores will be con-
sidered, uysing the data in Figures 15 and 15a.

The welghted A+C score values for a specific set of Pre- and
Post-Tegt scores can be obtained from the score curves in the
following manner:

Ry
.

Consiger the case in which the Pre-Test score (Test)

is 10| and the Post-Test score (Retest) is 20. Locate
the Test score value along the vertical axis and the
Retest score along the horizontal axis. The point on -
the graph at which these two values intersect -- the
coordinates labelled (10, 20) in Figure 15 -- defines
the a+C sgore value. 1In this case the A+C score asso-
ciated 1th those coordinates is 10 since the A+C curve
that pa ses through coordinates (10, 20) .is 10 (the
cikcledénumbers next to each of the curves are the
welghted score values) .,

‘

In cases where the A+C curve does not pass directly
through the intersection of a pair of Test/Retbst
coordinates, the A+C value for those coordinates can

be obtained by interpolating between two adjacent score

* The mathematical equatlon and the resultlng family of
weighted A+C score curves were developed by Dr. David
Wol'fers of the Instltute staff specifically for use in
this Manual.
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) FIGURE 15(A)

WEIGHTED ACHIEVEMENT/COMPETENCE SCORES*
!
Grouped accérding to amount of achievement (10 point intervals):
Pre—Pp Post = weighted A+C Score

10 Points : 20 Points 30 Points ¥
10 = 20 = 10 10 > 30 =20 10 = 40 = 31
20 -» 30 = 19Q 20 =» 40 = 20 20 = 50 = 32
30 =>» 40 = 12 30 =» 50 = 22 30 - 68 = 33
40 =» 50 = 12 40 =» 60 = 25 40 =>» 70 = 36
50 - 60 = 13 50 -» 70 = 28 50 =» 80 = 40.
60 =>» 70 = 14 60 —» 80 = 32 60 =» 90 = 56
‘70 =» 80 = 18 70 —=» 90 = 49 70 =» 100 = 59
80 =» 90 = 30 80 -» 160 = 55
90 -» 100 = 50

40 Points 50 Points 60 Points
10 =» 50 = 41 10 = 60 = 50 10 =» 70 = 61
20 =» 60 = 42 - 20 =» 70 = 53 20 «» 80 = 62
30~ 70 = 44 30 ~» 80 = 56 30 =» 90 = 66
40 ~» 80 = 47 40. % 90 = 66 40 -» 100 = 75
50/7=» 90 =5 50 =» 100 = 69
60N~ 100 = 65

70 Points ¢ 80 Points 90 Points
10 =» 80 = 71 10 =» 90 = 81 ~10 =>» 100 = 90+
20 =» 90 = 74 200 -» 100 = 89
30 =» 100 = 79

/
¥

* See Appendix G for derivation formula.
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In terms of standards for trainee post-instruction competence,
however, the basic criterion will not be (as with the case of
assessing training impact) their Test/Retest score changes.
The ultimate indicator of levels of competence will be the
Post-Test scores. A trainee who ,begins with a Pre-Test score
Of 10% and obtains a Post-Test score of 75% may have learned
more (attained a higher level of achievement) and have demon-
strated higher motivation and other desirable gualities than
one who shows an increase from 75 to 90%. But the 90% score
‘must still stand as an indicator of a .higher level of post-
instructian competence. From \Eg point of view of the super-
visor who will assign the trainee Eo a specific job in the
post-training period, the higher level of competence attained
by the second trainee may be more’important than the amount

of achievement displayed by the first trainee. However, the
selection of one trainee over another 1s a job specific deci-
sion that would have to be made by supervisors considerin?_
both the requirements of the job and the qualifications of the
_trainees being considered. It is, therefore, important that
the maximum amount of assessment data for each individual be

made available in the post-instruction period. . )

]E[{I(j ’ 1.25:3:
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Summar

The tAbles prov:ded in Pigures 16 and 16A are designed to pro-
vide summary information about the test instr nt, the traih-
ing, and the traxwees.  They 1llustrate what tie test inseru-

ment will show when the analysis has been coapleted.

1. Part I (Table 16) The figures entered in column A
{(Pre-Test Level) are the total percent of :1tems answered
correctly on the, total test and on subsets of i1tems; and for -
individual items, the percent of times they were answered
correctly. (For example, 1f a test of 100 i1tems was taken
by 50 trainees, there 1s a potential of 5,000 correct answers.
The’ .percentage of those 5,000 which were actually correct on
the Pre-Test is the number that 1s entered at the top of this
column in the row labeled "Total Subject Matter".) Comparable
entries apply to the Subset yrows. For individual i1tems, how-
ever, the fercentage of trainees who answered each one correctly
is entered lower :in this same colunn.

P , .

The valygs in column A have been given the caption of "Diffi-
culty”, on the assumption that the easier items and subsets are
answered corzectly more often. »
The figures entered in column B of Table 16 contain similar
information about the Post-Test — the percent of 1tems answered
correctly on the total test and :tem subsets; and for inda-
vidual items, the percent of times they were answered correctly.

The difference between the Pre—Test and Post-Test score levels
1s entered in column C (Amount of Change). The column values
refleck the effectiveness of the training sequence -- how much ©
the sybject material has been transmitted to the trainees.

Column D (Direction of Change) 1s divided into four parts,
showing the direction of the change between Pre- and Post-Test,
It shows what % of total test subsets and individual items
remained correct or incorrect on both tests, which went from
incorrect to correct, and which went from correct to inceorrect.
This tells somethlng about the guality and consistency of the
test material

2. Part I1 (Table 1l6a) In this part, column A cohtains
the mean Pre-Test scores of the total trainee group and of .
trainee subgroups, and the scores of the individual trainees
on the Pre-Test. This column represents how prepared the
trainees were at the beginning of training (1.e., how competent
they already were with the subject material to be cdvered).

] 1Z




FIGURE 16

K
ANALYSIS SUMMARY PRGFILE II

A B c_*~ D
PART 1 - . " .
. PRE-TEST POST-TEST AMOUNT R DIRECTION
LEVEL LEVEL Or CHANGE | ¥|*% OF CHANGE
4 3
() 2/ (2-1) C—»C| C—P1 |11 | I—>C
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suBICT 35 go +45 - 35| o |20 [us
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The mean score of tgg total trazn15; sgroup and trainee sub-
groups, and individ#al €ralnee sCores on the Post-Test are
entered in column B. These figures show the amount Of’comge-
tence displayed by trainees at the end of the course, collec-
tively and individually.
The differences between the scores on Pre- and Post-Tests are
given in colump C of Part II. This shows the amount of
achievement the trainees displayed -- how much they learned
during the training.

The Amount and Level of Change. In Part II of the table,
column D shows the amount and level of the change from Pre-
to Post-Test scores, as represented by a score value derived
from the curves like those shown :n Figure 15aA, This repre-
sents the amount of competence and achievement displayed by
trainees. ) '

a

Note: Part I of the table can be repeated for trainee subgroups,

and even for individual trainees, if such detail is deemed
useful. Similarly, Part 2 of the table can be repeated for
each subject subset, and for individual items,

A
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PRESENTATION OF DATA: THE EVALUATION REPORT

[}
When the entire Test/Retest procedure 1is completed, including
analysis, 1t will be necessary to gather all of the informa-
tion about it into some form of xeport -- eirther for program
administrators, funding agencies or government departments,
or simply for the record. While a number of charts and tables
will have been generated during the course of designing and
implementing the instrument, 1t 1s best to summarize the data
from these sources in an eadily accessible form. Such a sum-
mary should state clearly what was learned, and what implica-
tions can be drawn from what happened.

It is recommended that a report should contain the following:

1. Description of the Test Instrument. This should be a
simple statement, describing the instrument by the number of
items 1t containd, how the 1tems were grouped (if they were),
with any additional information that might be pertinent.

2. Description of the Training Group. Information on the
number of trainees and any special characteristics. by which
they were grouped should be stated.

3. Dates of Applications. The dates should be noted, to-
gether with a brief description of the circumstances where
necessary. If any radical differences between the two admin-
istrations occurred, these should also be noted.

4. The Curriculum Audit. A brief description of the type of
audit conducted, concurrent or retrospective and, if the latter,
who conducted it, should be provided. The rating form employed
should be attached to the write-up to supplement the report.

5. Reporting Trainee Analysis Results. The results of the
assessment will be described in three ways.

A. Results for the total training group: Include percent
or number correct for Test and Retest, percent and direction
of movement from one administration to the next, and whether
that movement is statistically significant. The level of that
movement should also be noted. :

B. Results for trainee subgroups: The same information
should be given here.

!

b

* C. Results for individual trginees: If the trainee group
was small, these results could be listed here. 1In most cases,
however, it would only be necessary to.refer the reader to the
appropriate table, and note “here any trends. - .

-

- , ' -
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. D. 1Interpretation of trainee results: Based on the data
presented above, some preliminary interpretations should be
offered. : -

-

6. ' Reporting Item Group Analysis Results: Since the instru-
ment 1s designed to measure the effectiveness of the training
as well as the change in competence among trainges, the re-
sults will be further broken down as follows:

A. Results of overall test: Number of Htems correct on
the Test and Retest should be listed, with bercent of change
and whether or not that change is significant. Number of
items that were answered correctly on both applications, in-
correctly on both, and that went from correct to incorrect and
incorrect tf correct should be listed.

B. Results for item subgroups: The same information
should be giyen for item subgroups.

Cc. Results for individual items: Unless the test was
extremely short, all the infdrmation for individual items need
not be reproduced here. Howe\ r, specific trends should be
noted. "\

D. Interpretation: Again some interpretation should be
offered. \ ‘

7. Level and Magnitude of Score Mobement: This information
{as described on pp. 103-113) 1n combination with the results
of the application of tests of stati tical 'significance com-
prise the major data set from which ipferences concerning
training effectiveness and train acgievemeht will be drawn.
The data on score levels and magnitude Bhould be presented in
the form of tables of the type shown in Figures 14 and 15A.
(Actually only one or-the other set of tables should be pre-
sented depending upon whether weighted or unweighted Achieve-
ment/Competence (A+C) scores were computed.) Following the
guidelines and examples provided o pp.104-112, tables (dis-
playing Test, Retest and A+C scores) with brief summaries
should be presented for .

~
.

a) the total trainee group o
b) the individual trainees e 4 \ s
)

c) trainee subgroups (when avhilabl 7 ot .

»‘ L4

8. General’Summary Statemént and Recomandations: An' overall

statement Of the success, failure, ©Or u ertain performance of
‘ the instrument, with regard to its usefylness as an evaluation

of trainees and training, hould be mad _ ) ’

) 5 ] 'I’

-
.
-

s .
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’

- - i
9. Attachments: It is suggested that the fgllowing materials
) be attached to the report where their reprgduction would not
A  involve excessive cost or labor:

1. ‘The Item Specification Table (see Figure 1)

2; The Curriculum Audit Results (see pp. 72-73)

3

\
3. The Data Analysis Summary Profile (see Figure 13)

4
4. The Unweighted (or Weighted) Achievement/Competence
(A+C) Score Tables describing the "Level and Magnitude
of Test/Retest ‘Score Change" (see Figures 14, 15, and

153)
5. The Data Analysis Summary Profile II (see Figures 16

and 16a) .
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' CHAPTER VIII

ASSESSING THE TEST INSTRUMENT

L

An analysis of items in the .form of ajga gsment of Test to
Retest sponse patterns has been suggested'in orjler to pro-
vide, additional informatioh concerning the relati§§ effective-
ness of instruction for each subject area and for each trainee
within subject area (see pp. 89-90). This analysis also
attempted to identify those items which were relatively in-
effective for their intended purpose of assessing levels, and
changes, in levels, of subject matter competence (pp. 91-98).

- Thus, some data on the effectiveness of the test instrument itself
was provided by the item pattern analysis. However, a nqore
quantitative approach to assessment of test effectivenesgg, ¢an

be employed when staff-time permits. This involves ana%ysis

of the responses given by the examinee group to one ad@ﬁﬁysgxa—
tion of a series of items. o

PP
. (e
—_— L =n0

) ‘e ¢
.

ITEM ANALYSIS L "o

Three kinds of data are derived from the analysis of individual

itemS: . ; »

) .

1) The difficulty level of an item (defined as the total
percentage of eyaminees getting the item Korrect).

2) The discriminating power of an item (defined by the
degree to which an item differentiates between high
and low scoring examinees), .

3) The relative'effec{iveness of the item's distracters
(defined as the dedree to which the examinees respond
to the item's incorrect alternatives).

Procedural Steps

For purposes of illustration, the coverage of item analysis
procedures will refer to the responses of 45 examinees to test
items assessing competence in the area of quantitative research
methods. N

. o
N

1. Rank the examinees from high to low according to totaf test
score.

"

<

2. Select out the upper one-third of the examinees (i.e., 15)
and the lower one-third. .

* 121 :
Q )
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For each individual test item, tabulate the number of
examinees in the upper and lower segments who selected
the correct response and each of the distracters. These
can be recorded on an item card designed specifically to
illustrate each item with its specific characteristics.
(see Figure 17)

3.

4. Compute the estimate of item difficulty. The difficulty -
leyely of an item is computed.by dividing the total number
of correct responses to that item (EC) by the total number

of examinees in both groups (N). . .

p e
N

Difficulty "(D) =

X 100

The item difficulty for the sample data, (Figure 17) is:
AW

.
-

, D = 15 x 100 = 50% :
30 S " ‘

-

The values of D can range from 0 to 100%; the
larger the value the easier the item.

Note:

5. Compute the estimate of discriminatory power. The dis-
criminatory power of an achievement test item is computed
by subtracting the number of correct responses in the
lower group (CL) from the number of correct responses in
the upper group (Cy), and dividing the result by the num-
ber of examinees in the upper group (Ny).

5t

Discriminatory Power (DP) = Cy - Cg

Ny

1

For the sample data, the estimate of discriminatory power
is:
DP = 12-3 =

15

.60

6. Assess the effectiveness of item distracters. A distrac-

ter 1s considered

than in the upper

The effectiveness

determined simply

‘for an item. (An
"

Interpreting the Item

effective if more examinees in the lower
group select it as the correct answer.
of each distracter of an item can be

by observation of response frequ%ncies
example_is provided below.)

Analysis Data

The general effectiveness of individual items will be judged
on the basi$ of an assessment of all of the item characteristics

ERI!
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FIGURE 17

SAMPLE CARD FORMAT WITH ITEM CHARACTERISTICS

.
r

Quantitative Research. Methods

Subject Matter: Demographic Analysis
Behavioral Outcome: Ability to Calculate

—t

ITEM: Approximately how long does it take for a pop-
ulation to double if the annual growth rate is
equal to .03 (3%)?

a. 15 years
b. 23 years

c. 31 years
d. none of the above

~

ITEM ANALYSIS RESULTS (12/73)

] no multiple
Alternatives a ’<:) c d response response
' Upper 1/3
examinees~ 0 12 0 3 0 0
Lower 1/% :
examinees 0 3 12 0 0 0
; L4
Difficulty level: 50% .

.- piscrimination Index: .60

(comments:) . Iy
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tent exar:nee (141V.

\

provided by item analysis., How this Z2ta .8 exz_.cyse2 .- rzt-
ing an item's effectiveness for Its :inte-Zel s.orgcse Tan e
illustrated with the results cf <he sa=cle 2ral,sis I re
item in Figure 17.
The 1tem 1s in the =m:iddle 2:ff_c.l<y ra-zs
evidenced by the fac:t tha 2% <me exaw
(15 out of 30) gzo: the, st Trecs Tre
discriminates 1£72 Dositi recTiI- ozt
by the fact that 12z 2t 2f 1% erazmi-ees L° LT
group go%t the item ~orrecst whllLEe 71, 1 Tl
13 in the lower groap 212 sz, The Z.scrom
tion index 1s g:ite nign LI i1TzizETo~3
fdr arn 1tem o0f 290% f:ff:c_ley, i1t ig zerics
igg effeczively singe 1t Z2istingilstes 222t
ly between the high and 12w TImgete~Cée SII_td
There 1s, however, wi2e wvarizz_I~ .- 2-¢ 23ifzz-
tiveness of the :iter's Zd.stragiercs l.gwrzcesT
a2 1s completely :reffective suirce Lt siwracs
no examinees from eLltner Tne SPIEI TI LDwErS
group. Cistracter £ :s f.ncTicoitg 3t marlmT
effect.veness sinfe 1t aztrazctel "2 eexm _mez T
, the upper grour and zlmIst 21l tre eXET.TEEI .
the low group. Siszraster 2 .8 So.te .=ifecelvs
in that i1t atirac:ei =cre exam.ness IrTm oToE
ipper than LOwer CTIDETercEe It Fegirz_:sss
of the :neffect:v 2% wez o wre zolzTriIteTE
«he discrizminascr er 2% <re _tET JF T..%%
high If s¢ Zesired, wne dlsITr.oTLTETCI. e
cou:zlé probably ze iLncorezsel T, I&f.2T.TT LltET-
natives g and g witn mere effestive Zoztrices
{An exaxm:inat:icsn oy tne s 2 wT, ttezs ot
: natives were ooOT sTra gec.l2 fazo_.w:z
the design ¢f mcre =ffec TETl2TETEC LS
The type of -zex déscribes zzcwe woold 22 TCET 2P:T foro
inclusion 1nto the type cf test L-str Tt pIlpoiEsl '
Manual. It 15 guite effective - ZLSTLrZLlETLTT I o
ané low competence examinees tte Sritgrict fsr oooms -
ing tfotal test score and Lt L5 it - . S.fils
range.* ’
\ »
AY
] A
* Many expgris in tne field oI egoTit Al THELI_TEFyLTT IIITe
mend, shat for zaximz ;:;l;:y,iﬁi; mitcrit. of _timr ooo-
priging the test shou.lc be .o <nme moozle sisze of s fiosoT
with some easy i1te=s ‘tilaced rexr trz cezivsacs of o=
test) to encour&ge 10w abil:it, €xalirTesI 1ol rIme TS
difficult itemg v crov™r3e a cnallesze fir 202 TerTi TTTme-
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cased ¢n. tne 2s3.optisn that a sesaence of training presenting
eome, 1f noz all, 3f zne sare subtect matter will be conducted
again in tne flzire, Each itern card would be titled by Both
wne s.rtect area and nehavicral o.tcome assessed by that item.
In wnis way, an .tex carsd can be cross-referenced ané pulled
frem wre file o either csnitent Tr Zenavicr {The format for
syTn 2 cari .s snown in Filgure LT
Wnen tne "ext tralning seg.ence 15 =0 o€ constructed, the
appropriate ite=s can se puolled fro- the file anéd compiled
1nTT 2 TestT Lm5Troment.  Any Changes 1n ¢Ourse content can be
aczzorced f2r zy ConSTrLCTIIng new Ltenms o Ccover the new nate-
rral Tre mew L:ens wo.l.Z then e analyzed in the later item
analvysis and e.wner 2dded =o the szenm-f:ile drscarded.
If it can ze ass=wed wnaw scre, cor all, of training magje-
rial s %2 e rereated at a Zuture Zaze, the staff time
ard effore :rnvested in a poOsSt-instruction analys:is will
e wel.l scenz. Valid and effective iltens, oially thOse
DeaSIrLng whne TCre COTplex Denavi.oral outcoze are usually
Suilte 2:ff.c.lc wo construct and are Tire-conguming. Thus,
LTens sncwn T2 e nighly effective i1n assessing COmpetence
§nou.d ze f:iled away and drawn oot when constructing the next
tes: insiroment. Thne large amount of time ané effort saved in |
2T nawving =C oonstruct all new items as well as the high
Zoalizy cf .zezs avar_acle for test inclusion will more than
5:zpe:§a:e for the zize and effors expended in conducting a
ccITrenensive Ltéx analysis
J2iLrs the Lte~ analysis 2% tnis tire also allows for the in-
tTrzerazicon of daca on changes in Lzer responses from Pre- to
Pcsn-Test =2 Zetermine whicn iters shoulé be arnalyzed. Usang
wne tac_.e °f ltex response pazterns ‘see Figure 12), 1t can be
seer 2t a glance wnich items were rost freguently answered
ccryectly arnd incorrectly on the two applications of the test.
Trose wuin a2 high percentage ¢f C—» I would be subjected to
scrotiny and prosakly Ziscardei. Items with a high percentage
2f I=» I sho.ld e subjected tc analysis to see which glter-
raze incorrectt; answer is being most freguently chosen (on
hoeh applicat.ons. Items with a high percentage of 1= C
would clearly be goold items, as would.items with a high per-
centage of T =P T .alzhough i1n this case, 1f there are a great
» maty 1tersg in this category 1t would probably be a good idea
to eliipinate some 0Of them as making the test too easy.)

ng Test Coastruction. If staff time permits and an
L d

{constructed according to the guidelines provided) can be
Giver a trial adminastration employing the same testing format

ERIC ‘
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that will be used when assessing the tra.rnee roup.* The
responses would then be subjected to itex alys:s ancé the
appropriate item characterist:cs compated. |Theose 1tems sudged
most effective for purposes of assessing levels O corpetence
{based on the iter anéd val:dity criterla gresente in Chagpter
II) would be selected for the final instruzent. Tterms suspect-
ed of being ambiguous or of containing rechnxcal defects can
either be revised or discarded and replaced by new 1tems.*”
Replacement 1terms (erther ¢yor the .ter reserve Or nhewly CoOn-—
structed) would assess the same cognitive tehaviors anc
subject matter originally assessed Dy the discarcded .texs.

The structure and content of defective ltems should be cor-
pared with the structure and content of thear replacexents

in order to avoid including new :tems wWith deficiencies simi-
lar to those found in the items they are to replace.

ain
e

[33Ve]

oY

&
~
o)

While item analysis data will greatly enhance the test con-
struction process, the opportunity Zor conducting a tryout

of i1tems depends heavily upon the availability of a sample of
examinees that is representative (in terms of education level,
professional background, etc.) of the populat:ion of individ-
uvals who will comprise the trainee group. IZ such a group

can be assembled {(e.g., possibly with individuals from a train-
ing program going on during the period of test construction)
then 1t is strongly recommended that an item tryout be con-
ducted. .

When a preliminary administration of the items is not possible,
the procedures for test construction outlined in the text

(pp. 8-31, and pp. 35-40) and 1n Appendix C, if closely fol-
lowed, should be quite adequate for developing a valid (i.e.,
appropriate, fair and representative} test instrument for the
assessment of changes in levels of subject matter competence.

* In addition to item analysis data a tryout of items will
provide information concerning such factors as the amount
of time. required to administer the test of X number of
items and the appropriateness and adequacy of test in-
structions and format. .

** Every attempt should be made to correct and revise items
with suspected deficiencies; discard them only when it is
not possible to upgrade them. This is strongly suggested
since replacement items will not have been given a tryout
and will be of unknown difficulty and discriminating
ability and therefore, of questionable effectiveness.

A}
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- APPENDIX A

-

HISTORY OF THE DEVELOPMENT OF THE METHODOLOGY

Background

The assessment approach described in this Manual is not new
to_the field of educational evaluation. The measurement and
statistical testing of score differences based on two admin=
istrations of the same test as an indicator of the degree of
learninéﬂ;haxupaaboccurfed over time, is a common apprsabh
used by instructors in academic situations. The Test/Retest
paradigm for assessing achievement probably dates back to
the beginnjng of the formal psychometrie testing movement or
even befong while the evaluation of educational achieve-
ment through the applicatien of objective-type test instru-
ments has been widely discussed in a number of excellent
textbooks on educational measurement and assessment (see
Bibliography), no step-by-step, Manual-type guide has been’
. available where a training administrator who would like to
employ such methods could £ind the necessary information on
the planning, construction and administration of the test
instrument together with detailed statistical procedures for
the analysis and interpretation of the data that results.

=

The assessment procedures were originally developed in an-
swer to a request to the Division of Social and Administrative
Scienceg from the Demographic Association of El Salvador.

The Division was asked to assist in evaluating a series of
training programs in terms of their effectiveness in reaching
a set of pre-defined objectives. The Association was con-
duéping four types of population/family planning/human repro-
duction “trainkng programs,‘eacﬂ directed toward a different
professional and paraprofessional level. One major objective
of' the programs was that the participants acquire a compre-
hens ive understanding of new subject material, as well as

the abilities to apply this hew learning to new problem-—
solving situations. A major focus of evaluation was, there-
fore, to determine the degree of relevant learning that oc-
curred during the course of training. It was felt that
while this would not be considered a comprehensive evalu-
ation, it would provide a measure of the ,degree to which the
training programs were accomplishing some basic, short-term
objectives. )

ERIC ~ w142 g
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Since the *assessment of léarning was to involve the measure-
ment of change in levels of substantive knowledge as a func-
tion of anr inteérvening educational experience, a baseline /
level of competence from which to measure change was re-
quired. The application of an objective-type achievement
instrument administered under a Test/Retest design was se-
lected as the most appropriate approach. Rather than con-
struct the test instrument at the Institute or send staff
members to El Salvador to conduct the evaluation, it was
decided that it would be more appropriate to develop a set
of guidelines for structure and content together with an
outliné of the statistical procedures ired for score
analysis, to be useéd by the program adi?ﬁgatrators them-
selves in constructing the test instrument and conductlng
their own assessment study:'" En)
Field Applications

Based upon secondary information feedback from the Salvador
training experience, the original guidelines for test con-
struction, administration and analysis were revised,expanded
and compiled into a draft Manual of procedures for assessing
the acquisition and application of new learning derived from
a structured training experience.*

The methodology described, while theoretically and intuitive-
ly sound, had not been subjected to controlled field- -testing.
The lack of first hand field experience left guestions con-
cerning the methodology's utility and validity unanswered.

It was felt that several field applications of the method-
ology under varying training conditions would be reguired.

’

* The original guidelines focussed upon changes in levels of
subject,K knowledge from Test to Retest as the measure of
program impact and trainee achievement. It was later real-
ized that assessment of knowledge alone was too limited an
area of evaluation since it primarily involves tasks which
emphasize remembering, either through recall or recognition(1).

The focus was, therefore, enlarged to encompass a greater
range of cagnitive behaviors.

EMC | .1.‘1».' .
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The first field application was conducted at the invitation

of the Uniteéd States/Agency for International 'Development .
(AID); in a training situation involving a Governm t spon- ¢
sored Population/Fagmily Planning Program Seminay-Workshop

in Washington, .D.C\ The field testing was caryied out from :
September 1972 to January 1973. )

A second field testing was carried out at the‘réqﬁekt'of the
National School of Public Health, Department of Health and
Family Protection, Rennes, France which was planning a seven
week training program for French health workers at variobus
professional levels. The field work was conducted from
October 1973 to January 1974. The numeric data provided in
the section on statistical analysis of response data (in-
cluding the data in APPENDIX F) were derived from this field
testing.

The third field.study was also carried out at the National -
School of Public Health in Rennes. This study involved as-
sessment of changes in levels of competence among health
professionals from Francophone Africa who were participants

in a four month Family Planning and Maternal/Child Health
Training Program being conducted under the sponsorship of

the Department of Health and Family Protection. The study

was conducted from March to October of 1974.

The content of the Manual, while derived primarily from the
field testing experiences and preparation of the guidelines
paper drew heavily from the writings of various educational
specialists whose major works are cited in the Bibliography.
Thus, the methodology described is not so much an innovative
contribution to the field of educational assessment as it is
a comprehensive synthesis of extant experimental design,
qualitative and quantitative guidelines for test instrument
planning, construction and administration and statistical
analytic techniques into a self-contained reference text for
conducting a study to assess changes in’ levels of subject
matter competence as a result of participation in a struc-
tured training experience. .

erlC 1 -
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' PSYCHOMETRIC THEdRY UNDERLYING THE METHODOLOGY P

.t ‘

The purpose here is not to inundate the reader with an ex-
haustive exposition on the complexities of psychametric
theory as it relates to achievement testing. The body of
literature copcerned with this area is so voluminous as to
preclude all but the most elementary and non-technical dis-

- cussion. The assessment guidelines and methodology com-~
prising this Manual should not be accepted, however, without
some understanding of the theory governing their effective
use. The objective here, then, is to discuss some of the.
underlying theoretical principles involved as well as to
identify the major problems encountered in measuring learning
outcomes*. g

" General Considerations

.

Measuring educational achievement requires an objective as-
sessment of what a group of students has learned (i.e., their
subject matter competence), in one or more relevant subject
areas, through a test8ing procedure employing a'set of .subject-
related tasks. The testing procedure must be structured so
that all examinees interpret the tasks in a similar way (to
provide a common basjis for assessment), and standardized so
that the tasks and procedures for administration and scoring
are explicit and fixed (to ensure that the same test pro-
cedures are followed each time an assessment is ‘conducted).
In order that the procedures conform to an achievement test
model, the subject material comprising the tasks should be a
representative sampling of the significant subject matter
dealt with during the course of instruction. If the content

~

* Procedures for translating "Subject Matter Competence" (the
sbecific learning outcome under study) into operational
indices of achievement amenable to objective assessment are
discussed on pp. 7-24. »
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of the tasks adequately reflects the relevant subject con-
tent of the course work, then measures of success or failure
in dealing with these tasks (when administered under con-
trolled testing conditions) will provide the basis for in-
ferences concerning
(a) the effectiveness of the instructional sequence
in achieving a specific training program ob-
jective and: 0

(b) the magnitude of the change in the trainees'
levels of subject matter competence.

The use of the same test results to assess both training
effectiveness and trainee achievement is not hew to the
field of educational ##valuation. According to Cronbach (2),
every time a teacher gives a test he is testing his in-
struction as much as he is testing the student's efforts
and achievements.

Testing Design

In order to relate any change in. an individual's level of
subject competence directly to a specific training sequence,
a testing design is required that will provide a measure of
the trainee's level ‘of competence prior to the introduction
of instruction (i.e., a quantitative assessment of the
degree to-which a trainee has already acquired what is to
be learned). This pre-instructional baselipe level of
Competence is subsequently compared witg/a/éqmilar measure
ebtained upon the completion of instruction. A statistical
analysis of any increases in competence levels from testing
to retesting will help ‘determine whether such increases are
significant omrsimply due to chance. The degree of confi-
dence with which inferences can be made which relate the in-
ckeases in competence to the direct effects of training in-
struction will depend upon the type of test instrument ad-
ministration design gelected. '

The testiﬂg design employed in the Manual is the One-Group
Pretest-Posttest Design (3) which is represented graphically
by:

-

.
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Where: X = the introduction of a
treatment variable whose
effect is to measured:

0, = a measurement procedure
conducted prior to the
introduction of the treat-
ment variable and:

0, = a measurement procedure
conducted following the
application of the treatment
variable.

In terms of the level of assessment being proposed here, .y
the "X" represents the structured training sequence (i.eﬁﬁ.
an educational treatment):; "O;" represents the pre-instruc-
tion and "0,", the post-instruction test performance with
tasks sampling cognitive competence. Operationally, then,
assessment at this level is essentially a statistical
determination of the degree to which training instruction
elevates the trainee's initial baseline level of subject
competence. This implies that a change will occur as a

' result of instruction and that the magnitude of the change
can be measured quantitatively (and related directly to
that instruction).

'S

Factors Affecting Measufement Validity

There are a number of factors* related to the technical/
structural aspects of the test instrument that must be
acted upon, due to their potential confounding effects on
the measurement outcome (to the extent that the test results
can be rendered .invalid for their intended use in measuring
changes in levels of subject matter competence and relating
the changes to the impact of instruction).

* These factors are covered in greater depth in Chapter II.

“
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1. Test item construection Items must be constructed to
ensure that an i.'brrect response means the examinee
has not achieved &ompetence in the subject area sampled
by the item and not because the vocabulary was vague or
too difficult or the sentence structure too complex.

2. Item content validity Inferences concerning subject
matter competence cannot be based on items that provide
an inadequate (non;representative) sample of the subject
areas and abilities covered in the instructional se-
quence. .

3. Levels of item difficulty Test performance is hiéhly
sensitive to and strongly influenced by items which
are too easy or too difficult.

4. Test directions and statements of test purpose Effects
test performance by shaping the examinee's conception
(and perception) of the task and by influencing his
level of test-taking motivation.

"

5. Time limits and guessing penalties 1Individual differ-
ences in non-cognitive functions (not directly related
to the test behavior being medsured) may enter into the
agsessment when limits and penalties are impoged.

The above list, while not exhaustive, calls attention to the
fact that without proper controls test performance is wvul-
nerable to the subtle and profound influences of factors
above and beyond those which the test purports to measure.

Extraneous Variations in Test Performance

In an effort to identify potential sources of extraneous in-
fluence, it is necessary to consider the effects of other
variables beyond those associated with the technical/struc-
tural nature of the instrument itself, which may pose a
threat to the internal validity of the assessment. (Internal
validity refers to the level of confidence which can be as-
cribed to flndlngs which infer a causal and direct relation-
ship between the sequence of instruction and the level of
subject competence.) These variables can function as
"plausible rival hypotheses,” offering alternative expla-
nations for the 0; to 0, difference (i.e., Pre- to Post-Test

. v
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4
score increaSeé), rival to the inference that "X" (i.e.,
'training) causes the di fference (4) . ) .
Awareness of the fact that such variables can produce effects
confounded with the effects of the training sequence is par-
ticularly important given the nature of the One~Group Pretest-
Posttest design employed in the assessment. This design,
like many employed in educational evaluation, is a quasi-
experimental design and, unlike the true experimental design*,
;s‘émployed "in situ" where necessary controls cannot always
be implemented. Further, the practical necessities of train-
ing program operations most often preclude the use of a con-
trol group (i.e., a group that receives both administrations
of the test without the intervening educational treatment)
against which to measure the significance of change occurring
in the training group.

Campbell and Stanley (5),in presenting this design, discuss a
number of threats to valid inference. The following is a
list of these factors, together with a judgment as to their
potential effect on the type of assessment being proposed
here.

.
-

a. History. Between the two measurement points (i.e.,
01 & 07) other change-producing events may
have occurred in addition to the education-
al treatment variable “X". «

While extraneous outside influences can produce changes
in Test/Retest measurements of certain variables (e.g.,
attitudes and opinions), their effect on subject matter
competence would be minimal. (Any activify occurring
outside of the formal training sessions, such as home-
work assignments and informal student discussion of
course—relatjg/bopics, is an integral part of training

and not an exfraneous variable).

-

* A highly structured laboratory-type situation where random
assignment of subjects to treatment groups as well as other
types of controls-are employed to reduce or eliminate the
effects of variables other than those being measured.

ERIC
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Practical Considerations for Selecting the Design

It can be concluded from the above discussion that walid
inferences concerning the effects of short-term instruction
con subject co=petence can be drawn from assessment proce-
dures erploying the One-Gmoup Pretest-Posttest desxgn. It
cust be admatted,. however, that the selection of a quasi-
experizmental design was based more on necessity than on
choice of the most valid design for assessment purposes.

The rost val:d approach would be to conduct the assessment
under cord:tions representative of true experimental design.
That is, ind:ividuals would be randocmly assigned to one or
the other of two groups {(i.e., an experimental group to
ceive instruction and a control group receiving no instruc-
_tion). Both groups would receive the Pre-Test and Post-Test
and the changes that occurred within each group would be
co—pared. The score changes occurring within the control
croup’ {reflecting effects on scores that operate in the
absence of training) would be statistically partialled out
of the score changes in the experimental group and the
resulting dirfference would be attributed to the training
sequence. A causal relat:onship between instruction and
significant (experirmental group) post-scOre 1increases can
be inferred with a high degree of confidence since the true
experirental design can be considered as actively controlling
the extraneous effects of history, maturation, testing,
instruzentation, etc. The difference for the experimental
group between Pre-Test and Post-Test cannot be explained by
zayn effects of these variables as they are Zound to effect
both the experaimental and control groups (7); therefore, the
change is attributed to the effects of training.

One major working assu—ption underl:ies the incorporation oi
the Jne-Group Pretest-Posttest design i1nto the assessment
methodology compraising this Manual. This assumption 1S
that the type of tra:ning situation where the assessment
methodology will most often be employed 1is one in which the
only individuals ava:i:lable for testing are the participants
themselves. : )

Many technical as well as practical considerations preclude
the lznxementatlon of rlgxd'contro*s and the use of a student
*"control group” in most educational settings. This 1s esper-
cially t-ve :n tralning situations where a sp:)nsor:mg agency

conducts a prograrc involvang "non-res:ident” participants.

A FuiText provided by Eric ~ "
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The training programs involved in the field testing of the
assessment methodology are cases in point.

The Government Agency-sponsored Population./Family Planning
Training Program conducted in Washington D.C. was attended
by health personnel from a number of developing countries
throughout the world. ce these individuals were in the
country specifically C;E;grtlcipate in the training, it would
not have been appropriate to divide the group randomly into,
two subgroups with one to receive training and the other to
serve as control. Nor was it possible to secure an indepe€n-
dent group of subjects, matched with the trainee group on
relevant parameters (e.g., educational level, professional
background, English language proficiency, etc.) to serve as
the control.

The lack of appropriate individuals to assemble into a com-
parable control group was also evidenced in the field testk
involving both the French and Francophone Aflrican Training
Programs in Health and Family Protection corjducted at the
National School of Public Health in Rennes, |France.

The test results obtained under a gquasi-expdrimental design
can be used to assess training effectivenesd if the evaluator
is willing to accept certain assumptions abgut what would
have happened to the variable being assessed if the individ-
uals had not been expo§ed to the sequence of instruction.
Essentially, the evaluator assumes that the observed changes
were due to the impact of the educational program and that
the changes would not have occurred if the trainees had not
been exposed to the program (8). For example, in thé first
Rennes Training Program, where the assessment results display
significant increases in levels of competence in the three
major subject matter areag, it is an appropriate assumption
that the trainees would not have shown such changes in a com-

parable period of time if they had not participated in the
course of training. .

. !
The inferential power of the assessment results is greatly
enhanced provided that systematic guidelines in test con-
struction and administration are implemented and appropriate
statistieal tests and procedures are employed in the analysis
of resulting test data.




APPENDIX C

GUIDELINES AND RULES FOR CONSTRUCTION OF SPECIFIC FORMS
OF OBJECTIVE TEST ITEMS WITH EXAMPLES (9)

. ~

Constructing Multiole-Choice Items
/

The standard multiple-choice item consists of a stém and a

set of .alternatives or resoonse options. The stem can take
the form of either a complete guestion or an incomplete state-
ment while the alternatives provide possible answers Or com-
pletions of the statement. lThe'alternatives will consist of
one correct or best response together with O Or more mis-
leading options, called distracters.) The following rules,
guidel-nes and suggestions afe based on this standard design.

1. A definite oroblem should be recognized from the item
stem. The test taker should be able to tell, from reading
the stem of the item, what kind of competence he is expected
to demonstrate in answering. An item with an incomplete idea
in the stem, meaningless in itself, will be confusing anrd
take more time to figure out. An example:

Developing countries:

a. rarely formulate population policy.
b. have strong conservative elements operating
against the adaptation of family planning.
c. must develop population policy in order to
set goals and mobilize resources.
d. are among the most interesting places 1in the
world. ‘
Here the test takerfls forced to read each response before
knowing what information 1s being looked for. Incorplete
ideas 1n the stem generally make 1t necessary to write lengthy
alternatives, and the alternatives will freguertitly cover a
number of unrelated 1deas. It 1s best to inclide as much as
possible in the stem, to ensure aniformity ain the alternatives
and reduce reading time. The example would be better 1f worded
as -follows:

roov
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National population peolicy is important for developing
countries because it will:

a. have a direct effect on the size of the populatfon.
b. set goals for allocation and mobilization of r
./Sources. U
c.f'put them in the company of the advanced nation
d. make them more attractive to visitors.
Here the stem of the item meets a criterion which serves
useful check on adequacy of initial problem statement: i
could be used as a short-answer type item, as "Why is nafjional
population policy important for developing countries?"

2. Avoid having to repeat words in each alternative. IF such
words are included in the item stem, the clarity of the item
will be increased and reading time decreased. Thus the item
that follows: ’

A limitation of teaching by external rewards is that:

a. punishment is more effective than external rewards.

b. many students will not be influenced by external
rewards.

c. the learner’s behavior may not change as a result
of external rewards.

d. external rewards may become more important than the
act itself.

... might be better worded 3s below:

One of the disadvantages of the use of external rewards
in teaching is that external rewards are likely to:

a. be less effective than punishment.

b. influence only a few of the students.

c¢. change the learner’s behavior.

d. become more important than the learning itself.

N\

3. Avold negative sStatements in StemS an? resoonses., '"‘nless
significant learhing outcomes regquire them, negatives (i.e.,
no, not, least) are best avoided because they are easily over-
looked. While test takers are expected to rezd items and
responses carefully, it i1s anfair to penalize someone for so
obvious an oversight. Also, the learning outcames should

O
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.

stress the acquisition of and the abiiity to use and apply

the best or most important methods, principles, facts, theories
and not the ability to select the "exceptions to the rule" as
measured by the typical "negative" item. If for some reason -
you must use a negative, underline it: e.g., which one of the
following is not a type of oral contraceptive? ,
4. Use novel material and situations in formulating oproblems
that aim to measure understanding of or ability to apply prin-
ciples. As in the case of items taken verbatim from books or
lectures, you may end up measuring ability to recognize or
remember material (rote memory), rather than ability to use
what was learned. Of course, new material must be carefully
selected; 1t should not require knowledge and/or understanding
of areas not covered in the course. While the situation must
be new to the examinee, try to select material as close to the
illustrations used during the course as possible.

5. Be sure mo unintentional clues to the correct answer have
been written into the jtem stem. There are many ways in which
clues can slip in. Some examples follow:

A) In family planning education programs built around
the availability of transistor radios in particular
rural areas, one key elgment should be:

a. scheduling of programs when particular audiences
are likely to be listening.
b. talks by university professors.
¢. scheduling programs when children are asleep.
d. standardizing the message for all parts of the
country.
.
Here tre clue 1s the word "particular,’ which appears botk in
the stem ané the correct response. The test takXer w1ll be
likely to see this association and pick correctly. The best
way to deal with this exampﬁé wouald beg to take "particular”
out of the stem, wnere it Jdoesn't add anything to the meaning
anyway. . :

81 The Manistry of Health has cormonly been selected
as the oraincipal organization to run populations
orograms because: )

[l{llc . l\t)u )
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a. 4t usually has responsibility for major
activities concerned with population growth.
b. it is,always well financed.
c. its cliniecs can provide services needed for
a population program. ’
d. the medical profession has never failed to
initiate and operate new programs effectively.

Here the clue iS in the use of the words "usually," "always,"
and "never" 1in three of the responses. Answer c is the only .
unambiguous alternative and thus most likely to be chosen.
Ambiguous terms such as these should be avoided in any case,

but using them in some responses and not in others will often
give the answer away. .

L
A

C) The net reproduction rate measures an:

a. annual increase of births over deaths.
b. annual rate at which women are replacing
themselves on the basis of prevailing

fertility, aséuming no mpigration.
c. decennial growth rate of the population.
d. per generation growth rate.

The article "an" can only go with the two alternatives that
begin waith vowels ( a & b), thus reducing the choice to two .
alternatives. Items should be read over carefully for gram-
matical matters, particularly for grammatical agreement

between the item stem and all the responses.

~In addition, the item above gives a further clue in the great
difference in length between the correct response ané the
other alternatives. (Since correct responses usually reguire
gualifications, they tend to be longer than the distracters.)
Be sure that you don't give away the answer by trying to
squeeze in all the information needed to make it correct, un-
less you lengthen the other alternatives as well, -

D) when demogravhers refer
what are they referring

to the +‘population pyramid,”

to?

a. A mathematical formula for predicting population
trends.

b. A pictorial representation of the distraibution

of the population by sex.

o
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c. The hierarchy of the staff of a population/
family planning agency, X
The answer is partly given away by reference to a *pictorial
representation," which easily refers back to the “"pyramid" in
the stem. To help make this item less easy to guess, either
the phrase "pictorial representation” could be takqn out, or
the item could be reworded as follows: C

In demography, the "population pyramid” is a
pictorial representation of:

a. a mathematical formula for predicting popu- *
lation trends.
b. the distribution of the population by sex.
c. the hierarchy of a population/family planning
. program. , ’
6. Avoid responses that overlap or include each other. 1In
the example below, answers b and d include answers a and ¢c:

An average annual growth rate of 2.8% leads to a
doubling of the population in:

a. under 15 years.

b. under 25 vyears.

c. over 50 years. )

d. over 100 years. .
If the answer was, for example, 7 years, both a and b would
be correct. The chances of guessing would be improved.

7. Do not use a pair of ooposite statements as alternatives
if one of the pair is correct. Most test takers will limit
their choice to one of the two opposing statements, thus
reducing a four-choice item to a two-choice item, as in the
example: } °

The doubling of the population expected 1n the next
4% years is likely to have what effect on the growth
rate of total income?

a. The productivity of investment will increase.

b. There will be no change.

ERIC 156
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.

c¢. The rate of savings will increase.
d. The rate of savings will decrease. )
. e N
This problem can be avoided by employing two pairs of oppo-
sites or eliminating the use of opposites altogether.

8. Use the alternative "none of the aboq " only when required
to measure specific learning. Only in cases where a trainee
must be able to determine things that do not apply should
"none of'the above" be used.

-

Its most appropriate use would be with items requiring numer-
ical computations where the responses can be classified as un-
equivocally correct or incorrect. If it is used frequently,
it must be the wrong answer some of those times. When it is
the right answer, the alternatives that do not apply must be
plausible, but must also in fact not apply.
9. Avoid ‘the use of the alternative "all of the above". The
alternative "all of the above" creates two significant dif-
ficulties. First, test takers may recognize the first re-
sponse as correct and mark it without ‘reading all of the
alternatives. Second, a test taker may recognize two of the
alternatives as being correct, and not know about the third.
He will still get the item correct without complete under-
standing, however, by marking "all of the above." It is
better in these cases to make the alternatives into a list,
and then ask the respondent to check which are correct:

i

a. 1 &2
b. 1 &3
d c.. 2 &3
d. All of the above
%
Interpretive Exerc1ses€ -

i} ¢
An interpretive exerciée consists of a series of objective
stems based on a commod set of data (written material, tables,
charts, graphs, maps or illustrations). Test items are most
commonly of the multlple—ch01ce or alternative response type.

O v R ..
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‘Since all test takers are presented with a common set of data,
it.is'possibfe to measure a variety of complex learning out-
comes . * Test takers can be asked to apply principles, in-
terpret relationships, recognize and state inferences, re-
cognize relevant }nformation, develop hypotheses, formulate
conclusions, recognize assumptions, recognize limitations,
state significant problems, and design experimental pro-
cedures. All these are indicators of complex achievement.

The most common method of getting students to demonstrate
these abilities has been to ask them to write an essay. The
main advantage of the interpretive exercise over the essay-
type question is derived from the greater structure provided
by the interpretive exercise. Test takers cannot redefine
the problem, or arrange their answer to demonstrate only
those thinking skills in which they are most proficient.
The series of objective items forces them to demonstrate the
specific mental abilities called for. It also makes it
possible to measure separate aspects of problem-solving
ability and to use objective scoring procedures.

5
The validity of exercises measuring intellectual skills may
be questionnable in terms of a Test/Retest instrument except
in courses specifically designed for the development of such
skills. However, it is felt that objective-type exercises
can be useful in determining the trainee's ability to apply
new learning, or to reason in a subject area with which he
has become familiar during the course of instruction. In
addition, the amount of factual material given in the exercises
or askeg to be provided by the pupil can be controlled: defini-
tions ¢f terms, formulas for calculation, and the like, may be
either provided or withheld, thus regulating the difficulty of
the test item measuring achievement, of a specific learning out-
come'.

Cgnstructing Interpretive Exercises
'

ere are two major tasks involved: selection of appropriate
introductory material and constructing a series of dependent
items. Special care must be taken to construct test items
that require an analysis of the introductery material -- items
that simply measure reading skill or rely on general informa-
tion apart from what is contained in the material are not
useful for the purpose for which the exercise has been in-

, ‘ Ge
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tended. The following suggested guidelines will aid in con-
structing valid interpretive exercises.

1. Select introductory material that is in harmony with the
objectives of the course. Interpretive exercises, like other
testing procedures, should measure the achievement of specific
instructional goals. Success in this regard depends to a
large extent on the introductory material, since this provides
the common setting on which the specific test items are based.
If the introductory material is too simple, the exercise may
become a measure of general information recognitior, recall

or simple reading skill. On the other hand, if"the material
is too complex or unrelated to instructional goals, it may
become a measure of general reasoning ability unrelated to
specific learning outcomes. Both extremes must be avoided.
Ideally, the introductory material should be pertinent to

the course content and complex enough to call forth the
mental responses specified in the course objectives.

~

2. Select introductory material that is new to students.
In order to measure complex learning outcomes, the content
the introductory material must contain some novelty. Asking
students to interpret materials identical to those used in
instruction- provides no assutance that the exercise is measur-
ing anything other than rote memory. Too much novelty, however,
must be avoided. Materials similar to those used during the
course but which vary slightly in content or form are most
desirable. Such materials can usually be obtained by modifying
selections from textbooks, newspapers, news magazines, and
various reference materials pertinent to the ‘course content.

7
3. Select 1"‘ro4UF -or’r raterial that as brief but meaningful.
One method of nln.mlzlng the influence of general reading
sk1ll on the measuremert of complex learning outcomes is to
keep the introductory material as brief as ooss’b1e. Digests
of articles are frecuertly available and orovzue good raw
material for interpretive exercises. Wrere €igjests are un-
available, the sumary of an article or a kXey vagsage may
provide suffigient material. ¥h some cases, the relevant
information 18 sammar:zed more adeguately in a table, diagram,
or picture. i

4. Revise introductory material for elarity, conciseness, and
greater interpretive value. Although some materials (for ex-
ample, graphs) can be uased without revision, mgst selections

. .
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require some adaptation for testing purposes. Technical
articles frequently contain long, detailed descriptions of
events. On the other hand, news reports and digests of
articles are brief but frequently present exaggerated reports
of events to attract reader interest. While such exaggerated
reports provide excellent material for measuring the ability
to judge the relevance of arguments, the need for assumptions,
the validity of conclusions, and the like, the material must
usually be modified to be used effectively.

5. Construct test items which reguire analysis and .interpre-
tation of the introductory material. There are two common
errors in the construction of interpretive exercises which
invalidate them as a measure of complex achievement. One is
to include questions which are answered directly in the
introductory material -- that is, asking for factual infor-
mation which is explicitly stated in the selection. Such
questions measure simple reading skill. The second is to
include questions which can be answered correctly without
reading the introductory material -- that is, requiring
answers based on general information in the area. These
questions, of course, merely measure simple knoyledge out-
cames.

If the interpretive exercise is to function as intended, it
should include only those test items which reguire pupils to
read the introductory material and to make the desired
interpretations. 1In §ome‘instances, the interpretations will
require pupils to supply knowledge beyond that presented in
the exercise. In others, the interpretations will be limited
to the factual information provided. The relataive emphasis
on knowledge and interpretive skill will be determined by

the specific learning outcomes being measared. Regardless

of the emphasis, however, the test items should be dependent
on the introductogy material, while at the same time calling
forth mental responses of a higher order than tnose related
to simple reading comprehension.

6. Make the number of test items roughly prooortional to

the length of the introductory materijal. t 15 ineffaicaent
to have papals analyze a long, cocplex selection of material
and answer only one Or two guestlions concerning i1t. Although
it is impossible to specify the exact nurber of gquestiowds
which should accospany a given as-ount of mater:al, the itecs
presented as examples in this section illustrate a desiratle

ERIC 16.
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(see pp.\89-90) <
Fa -

>

TESTING SIGﬁIFICANCE OF DIFFERENCE BRY
APPLICATION OF THE t-TEST FOR RELATED VARIABLES -

) . °
The computational formula for computing the t-statistic is:

M
. t = D

»
.

o, .
“p where: M Mean Difference Between
Test and Retest Scores
s f
D = Standard Error. of Mean
Différence Between Test
.and Retest Scores.

w

Computét;onal Procedures N

(a sanple t-Test run is illustrated in Flgure Fl. References hd
to the appropriate computatlons presented in the figure should ‘
be made as each succe551ve stage is presented in the discus-

gion.) .

1, Compute for each examinee the difference between his
- Test and Retest scores. This is done in the column
/ labeled D. 1It‘makes no difference which score is
subtracted from which (i.e., Test from Retest or .
Retest from Test) as long as the procedure is carried
out in the same way ;or all examinees. - .

Comment: The result of Step 1l is: the distribution
of direct score differences from which all further
computations will derlve.

2 a. Compute the algebralc Mean of the score dlfference
(Mp). First, sum all positive D values and sum all

negative D values. Then subtract the sum of the >
negative from the sum of the positive D values to
< obtain ZID.

Comment: In the sample ‘run, Retest-Test diffeifnces‘

by

El{llC ' + 193 ' - ‘
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. PISURE P
t-TEST WORKSHEET
I, .‘ o .
) T Jten Set 1 - Renneg
. . 11/73-12/73
. 14 .
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ip b3 R} » D D
. 01 28 34 3 " v
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‘' were combuted, ali of Mhlch'were-positive.

v
~ -

raw scores) to compute the Mp:

¥
. N

MD = ED -~

»
¢ . .

3 a. Compute for each examlnee the square of the Test/
. Retest score difference. This.is done by squarlng
+ each of the'values in the D r'olumn and recordlng
them in the column labeled D '

-

-“ b. Compute the EUZ by summlng all D2 values.

4. Compute the standard deviation of the distribution
. of dlfferences (°p). The computatlonal formpla is:

’ 2

=AV/_€?3 - (MD)2

5. Compute the standard error of ‘the mean differehces
s (cMp)using the formula:
. UM = GU . ‘
. D y—— ’
. JV N-l . 3

6. ~Compute the t-statistic from the t-rdtio as follows:
N

LRIS

4

b. ~Divide the ID by N (number of examlnees or palrs of |
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Interpreting the t-Statistic -t ’

a. Determine the value of t reéuired for significance
at the 5% and/or 1% level and beyond for N-1 degrees

of freedom*. These values are provided in Figure
. F2. ‘ !

: -
1 e
Comment: 1In the sample run the t values for 30 °
degrees of freedcm (31-1)'were used.
. o,

b. If the computed t- value is equal to or greater than:
the value required for significance at the"5% (or 1%)
level thare‘ 1&‘{ -a statistical 'basis for J,nferrlng that
the Retest score gainh was significant and therefore,

“that thé trainees are 51gn1f1cantly more compgetent, "
. with certain dubject matter 1n the post-instruction
N pteriod tham in the pre- 1nstructlon period. Further,
' if proper testing controls are employed as deflned
. in the Manual, .such 51gnlflcant score, 1ncreases A
. (and therefore increases’in the levels of competence)
« can be related to the effects of the training -expe-
’rience. ¢

-
.

éonversely, if the dérived t- value is less than the
valué required for 51gn1f1cance at a certain level *
(i.e., either the 5% or 1%), then it cah be con-

" cluded that there is no evidence-for significant ¢
. increases in levels of competence from initial
- testing to retestlng "

ES

t

—

vx Although both the 5% and 1% levels are proyided, it is
understood that only one ‘or the other level will be used
For the application of .tests of significance to a specific
body of data. That level should be selected, according '
to the rules for proper statrstlcal testlng, on an ‘a
priori " basis by the evaluator. ) . . ,

p ) . .

. s

L4

, . N
Q . ' ’
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Sample t-Test Run

FPor the data in Figure Fl the t- -ratio is 10. 97/1 10, giving
a t-value = 9,97. When applying the t-Test for Related
Vari&bles, the number of degrees of freedom (df), to use
when entering the table of t-vilues for various significance
levels (Fig$ F2), is N-1 where N is the number of examinees »
for whom both Test and Retest responses have been obtalned
” (in this case, 31-1=30). With 30 df, the f-&tatistic is
vsigﬁiflcant beyond the 1% level:; therefore, it can be con-
cluded that the trainees ‘increased their levels of com-
petence with the suBject matter tested by Item Set,l to a .
significant degree from the pré&~ to post-instructién periods.
Furthermorei since all the proper controils were employed
during the entire phase of in&trumentjconstruction \and
administration, there is no evidence forglnférrlng hat the |
competences 1ncrease8 were due to factors other than\the
direct effects of instruction.

» N ~ .

=
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| . .. - FIGURE F2 - .
i
TABLE OF VALUES OF t AT THE 5% & 1% LEVELS OF SIGNIFICANCE
Degrees of . :
N, °  freedom (4f)' 5% 1% -
{ RN | - 6.314 - 31.821
2 < 2.920 6.965
; 3 / 2.353 " 4.541
4 . 2,s132 - 3. 747 .
5 / 2.015 3,365
é 1.943 3.143
7 1.895 2.998 i
Lo, 8 « 1.860 2.896
9 1.833 _2.821
10 1.812 2.764
g1l 1.796. » 2,718.
< M2 1.782 2.681
,13 1,771 J  2.650
.« 14 . 1.761 // 2.624
« 15 " 1.753 .2.602
) 16 ) 1.746 2.583
. 17 . 1.740 * 2.567
18 * 1.734 3.552
19 |- 1.729 2%539
20, \\\: 1.725 2.528
21 1.721 . 2.518
22 1.717 2.508 ./
23 . 1.714 7 ,2.500
, 24 N 1l71 . 2.492
i 25 1.708 2.485
26 ] 1.706 2.479°
27 1.703 2.473
. 28 ' 1.701 2.467
29 1.699 - 2.462
* 30 . 1.697 2.457
+ L)
; 40 } 1.684 2.423 .
. 60 < 1671 2.390
(/J 120 ‘ 1.658 2.358
¢ - »
. » Y

The numeric data in fhis table are adapted from Table 7 of
John T. Roscoe: Fundamental Regearch Statistics for the
| Behavioral Sc1ences, published by Holt, Rinehart and Winsto

Thc., New York City, 1969, P 293. » : '
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AN ALTERNATIVE TO THE *STANDARD t-TEST*- I < /- .

+ Two. types of correct answers contribute to an uncorrected
(for guessing; see p. 90) achievement test score: answers
guessed correctly and corrett answers based \dpon true
competence with the subject matter under assessment. The
standard t-Test does not take tHese two components of a

, total score into account. Therefore, there might be some
questlon as to whether a 51gnlflcant Test~to~-Retest scoreé
increase reflects d true increase in levels of competence
or an increase in the number of items guessed correctly.

’
The most approprlate 51gn1f1cance test to employ is one
which “attempts to part1a1 out the contribution of chance
factors (guessing correct) to total score.

s .

The stati;tlcal test- intro8uced here was de51gned spec;fl-
cally forfapplication to mean scores derived from the
administration of an objective assessment instrument under,
a Test/Retest design. In contrast to the standard test,
the test variation takes into account and attempts to
partial out the contribution Qf chance, ‘in order to obtain 5
a more valid evaluation of the’ changes in levels of c
competence. ’

, NOTE: The test variation is offered as an -alternative
to the. stakdard t-Test (rather than recommended e
outrlght) bedause it is a new procedure, its validity
yet to.be established through repeated application.
Therefore, theé¥new test cannoty, at this time, be con-
Ce sidered as a réplacement for the standard t-Tést.
* Nevertheless,. we feel that it is a valuable new tech- o

a . - >
* ,The new procedure is referred to as the "z~variation” of
the standard t~Test. Although it can be applied to’ the
same test data and is appropriate for small sample testing
(i.e., where N $£30).the z~variation is not a t-Test. The
distribution of the z-gtdtistic is normal, {inlike the

t~statistic which has.a Sghdent s d{strlbutton.,

El{llC? | < ALY N )
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nique, and one that is probably more appropriate than
~the standard test in this situation. We would hope
that users of this Manual who are familiar with statls-'
tical inference widl employ this procedure and assess
its validity. We would appreciate hearing from those,
who do apply oux procedure to their own testing results.
The results of applications and outside comment’s on the
appropriateness and validity of the procedure for its
intended purpose would be valuable.

Description of the Procedure

A7

The steps involved in employing the alternative test will
differ according to whether the number of response choices
is constant or variable' across test items. Both situations
will be considered.

Situation I (the number of item response alternatives is
constant) . . .

Y

a) Definition of variables: o
- [\
? X1l = number of items Known (i.e., based on subject
competence) and scored right on Pre-Test:®
/ -
X2 = numbef of items known and scored right on
Post-~ Test

Yl = number of items 'scored right on Pre-Test
(i.e., the sum of items guessed correct and
correct items based on competence)

s
(ﬂ'

Y2 = numbéf'of-items scored right on the Post-Test

: T = total number of items (i.e., No. examinees X
No. items per testing) . ‘
\ N = ndmber of, alternatives per item (N in this
’ case is a constant)

The test procedure will determlne if an observed score'
. dlfference (i.e., Y2~ Yl) 1s statlstlcally significant.

'

b)‘ The Computatlonal Formula
The formula for computing the z-gtatistic from the

4 raw data is’ provided below. (The derivation of the
""" formula is provided on p. 177-179.) _

ERIC - PAVY) ‘ i
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c) Computational Procedures Cor

A simple worksheet for computing the z-statistic
can be constructed similar to the t-Test work-
sheet illustrated in Figure F1l.

,The only raw data required for the computations ~ _

are the distribution of raw scores by trainees

for both Test and Retest (i.e., the data in the /
. columns labeled "Item Set 1 - T1/R1" in Figure Flf.

All input values for the z-statistic formula are

derived from this set of data.

- +

Sample Computations:

737 (Sum of scores in Col. Tl)

Yl =

Y2 = 1077 (Sum of scores 1n Col. R1)

N = .4 (Number of response alternatives per item)
T = 1881 (Total number of possible responses per

. ) Item Set per testing -~ 31 examinees x 51

ifems in set 1)

Substituting these values in Formula (1), we get

/4 (1077-737)

V2 (1581 - 10774737y

2 (340) - 680
* \/2 (1581 907) /1348 et

_ 680 _ 18.52 L
36.71 -

Interpreting the z-Statistic '

a) If the derived z-value is grea&er an or equal ‘to
1.96 but less than 2.58 (i. e., 58'>% 21.96), the
difference is significant at thé 5% level and evi-
dence exists for inferring a significant increase
in the overall trainee group's level of subject
matter competence.

201
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b) If the derived z value is greater than or equal to 2.58
(i.e., 222.58), the difference is sgignificant at the
1% level and evidence exists for inferring a signifi-
cant Pre~ to Post- instruction increase in overall
levels of subject matter competence.

c¢) If significance at or beyond other levels are required
(e.g., 0.1% level), the critical values can be found
in the "Table of Cumulative Normal Probabilities” in
any standard textbook of statistical inference.

e

Situation II (the number of response alternatives is
sSituacion 1 -
variable across items)

The testing procedure w111 be the same as for Situation I
wikth the exception of one additional step. Whereas in
the first case N is given, here it will be a derived
N value ~-- i.e., the average number (harmonic mean) .of
response choices per item. . « ,
-
In addition to the variables provided above (see"a)” under
v Situation I), the fqllowing variables will be defined:*

N a =/number of itgms with nl choices
* b =fnumber of it with n2 choices
c

number of items with n3 choices

t = atb+c = total number of items in test &
X = number of item$ correct on basis of subje
competence
R y = Kumber of items guessed‘correctly
w = number of items guessed wrong

* Fqr illustration purposes the number of response choices
range from N1 to N3. More variables (e.gq., = n4, e = n5,
etc.) can be added to the harmonic mean formula to accommo-
date a wider range in the number of response choices p;qvided

FRIC 20.:
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a) Based on the assumption that the probability of
- knowing (i.e., in this case having the subject
compétence to be able to answer an item correctly)
the correct answer to an item 'is independent of
the number of.item choiceg,

) = - %
& 9= "¢
B ¥ .
(the value of g in the case of the same number of
choices across itemg is t - X )

|SD

o
¢

2
+ o3 )

grf;

14

’

3

. n
»”
therefore, ¢ x
/('-x t -x ,a b
< n Tt (s *nzt a3
ang, ' i ) N
+b+
n = 3__2_5—2—_5_ (2)
= e+ 2+ =
nl n2 n3
- . .

b) Once n is computed using srmula (2), the value
of n can be substituted ffr N in formula (1) and
~ - the z-statistic computed and interpreted.

P

/

/
7

i ’ ~ . . -~
Derivation of the Computational Formula for the z-Statistic*

‘

The geperal definitional formula for the z-statiéﬁ&c is:
I .
I y2-v1
J1% = BE(Y2-Y1) )

// :

Voo . - .
* The variables employed in this section were previously defined
(s%e p. 174). -

I
W

2
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where:
-Y2-Y1 magnitude of the difference
. between aggregate Test and
) Retest scores.

¥

.SE(Y2-Y1) = Siandard error of difference
) between Test and Retest scores.
. L . .o
, ‘In order to derive the computational formula, the standard

error (SE) of Y2-Yl (i.es, for items guessed correctly) must
be defined in raw score form (the "v" refers to the "variance
T of"). ' :

N J(YZ-YI) = v(Y2) + v(Yl) . . .

but, v(Y%) = v(X2 + No. items guessed correctly on Post

S Rt .
=N (1 N) (T-X2) ‘ v
‘. . " l l X
* Similarly, v(Yl) = & (1-§) (T-X1) .
. - 1 1
herefore, v(Y2-Yl) = 2-5 (l-ﬁL(T - xl;XZ)

. » '
) B

Since the true values of X1 and X2 cannot be known, each will be
expressed in terms of Y1, Y2 and T as follows:

(y1+yz - (X14x2)) = 2L = (X14X2) (X14+X2)

N
‘or, xXlsx2 - 3z (Y1+¥2) -7 -
2 N-1 ¢
. N (vi+y2) - o
therefore, v(Yy2-yl) = 2.1 (1-1)(T -2 ( ) )

NN N-T

2 . + ’

= 2 (¢ - Yitvz

- R0

/
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. L 2 T YLY2 )
—the SE({Y2-Yl) = /v =V N 2
L[]
%
the derived computational formula is:’

-~

z = Y2-Yl _ V‘Tq- (YZ-YJ.L . . /
/2 vizvz 2 T - iliv2) . / :
N (7 - — ) % .

(The sampling distribution of the z-statistic is normal
" with a mean of 9_and a standard derivation of {J

14
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. {see pp. 90-91)

TESTING SIGNIFICANCE OF DIFFERENCE BY APPLICATION
' OF THE CHI SQUARE TEST OF INDEPENDENCE

~

In order to 111ustrate the computational formula for deriving
the Chi Square (X ) Statistic, the observed frequencies in
the 2 X 2 contingency table que text, page 91) can be
symbglized as follows:

L s “
IT% -~ ., =
Testing Correct Incorrect .
Pretest A (60) B (53) A+ B
Posttest C (78) D (35) C ;;ayw
A+cC B+D N (=A+B+C+
. 2
Using the above scheme, the computation of the x Statistic ?
is carried out accordigg to the formula .
2

N - (AD-BC) 2
(A+B) (C+D) (A+C) (B+D)

»

Sample Computation ‘

Employing the Composite Score Data for examinee #1 (as shown
in Figure 5, p. 52, and reproduced below) the chi square
-statistic is computed as follows:

205 o
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(19 !
C I .
'
Pre 60 53 115
Post 78 , 35 T 113 .
L] r e , L]
' ‘138 88" 226
+ e L .
z L3 - 2
x~ = 226( (60 X 35) - (53 X 78) )
(113) (113) (138) (88) .
= 226 (2100 — 4134)2
(12769) (12144)" . _~
T\ = 226 (4137156) = _934997- .
185066736 155067
_ ;1“»

= 6.03 -

.

Interpreting the Camputed Chi Square Value

In the sample 2 x 2,.table, the observed cell frequencies are
classifjed two ways: by "correct vs incorrect" items, and by
time of testing (Pre-Test vs Post-Test).
- L d
. } ) )

. In texrms of testing for significant differences, the essential
question is whether or not the two ways of categorizing the
observed cell frequencies are independent of each other.

L]

t
If the two ways of classifying are independent, then the

distribution of correct and incorrect item responses does
not depend upon the tinfe o€ testling. This is the same as
stating that the Pre-Test scores (i.e., the distribution of
correct g responses) do not differ significantly from the
Post-‘resmrcuores . A

DrR :
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If the categorizations are not independent (i;e., if they
re correlated) then ther¢ is evidence for the fact that the

'@ost-Test differs significantly from the Pre-Test in the
distribution of correct amd incorrect item responsés,

. 3
As stated earlier, the 5 and 1% levels of Significance are
used for significance testing in the analysis section. The
values of ¥~ required for significance (for any 2 X 2
table) arew

3.84 for significance at (or beyond) the 5% level
6.64 for significance at (or beyond) the 1% level

When the Null Hypothesis (that the Pre-Test and Post-Test ,
distributions of correct and incorrect responses afte in-
dependent of each other) is rejegted at (or beyond) the 5 or
1% level of significance, the al%ernative hypothesis that the
Pre-Test and Po Test distributions are correlated, and
therefore sign&f#&antly different, is supported. Furthermore
if the Null Hyp&fﬁesis is rejected, and at the same time,” the
Post-Test, score is greater than its Pre-Test counterpart,
then it can be cgncluded that the Post-Test score gain is
statistically sigﬁ}fibant. If the assumption that appro-
priate controls (discussed in'the text) were employed during
test construction and administration is accepted, then there
is evidence for inferring that the significant score gains
reflect increases in subject competence brought about as the

result of training instruct‘n.

(For the sample dafa, the computed xz value of 6.03 was
significant beyond the 5% level. Furthermore, the fact that
the Post-Test scoreg was Higher than the Pre-Test gave support
to the inference cited above for the positive impact of in-
struction on increasing the levels of general or composite

subject matter competence for trainee #1.)

When, on the other hand, the computed szalue falls® short of
significance at the 5% or 1% level (whichever had been pre-
selected), there is jio uneguivocal evidence for significant
statistical differences between Test and Retest score dis-
tributions. Inferences of positive effects of instruction
on subject matter competence for the specific examinee

under assessment would not be supported.

A
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, (see pp. 91-98)

Fc

»

QUANTITATIVE PROCEDURES
, FOR CONSTRUCTING ITEM PATTERN ANALYSIS TABLES

Y
.

{ ; t
To illustrate the construction, a set of data from the Rennes
field testing will be used, consisting of the responses of the

31 traifiees to the 51 items of Set 1. ’

Pigure F3 illustrates a worksheet used for recording scores
from individual answer sheets, so that_all the information is
on one form (where the number of trainees or items ig too
large for inclusion on a singlé sheet, trainees or jtems ca
be broken into subgroups and several sheets used, with total
added-up on_ a cover sheet). ’

Dhe worksheet is set up so that the number of correct and in-
correct responses on the Test and Retest may be totalled both
for each trainee and for each item., In addition, the direction
of movement of each, item from Test to Retest is shown.

Across the top of the sheet, the number of each item is entered.
Down thehlgft hand column, the ID number of each trainee. To
fill if the worksheet, the response data from each trainee's
answer {sheet is transferred to the appropriate column. That .
is, .taking the Pre-Test answer sheet for trainee #01 and
moving across the worksheet, enter a C Afor each correct re-
sponse) or an I (for an incorrect response) under ‘the appro-~
priate item number. Then, enter the total numbdr* nd the
total number I in the appropriate boxes (to the ridht of the
heavy black line). The same procedure is then followed with
the Post-Test answer sheet .for trainee #01. After the re-
sponses of both testings have been entered, the third hori-
zontal column is used to indicate the response pattern for
each item from Tet to Retest, numbered as follows:

Test (T) o o 1 1 L
Retest (R) C I C I
—_—3 ’ 1 2 3 4 .
O k £ P

LRIC © 200 :
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SAMPLE WORKSHEET FOR

LTI

L3
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" The last four vertical columns are filled in according to the
frequency of occurrence of each of the faur Pre-Test to Post-
Test item pétterns for each trainee.

All~of this information is entered for each trainee, and the
vertical columns are then totalled. Acg& s the bottom of the
page are the response patterns for each/itém: the number of
times they were answered correctly onqtﬂg Test and Retest, the
number of times they were correct on qgéﬁ, incorrect on both,
and the number of times they went from oryect to imcorrect
o, from incorrect to correct.

Down the right-hand columns are the same patterns as they
apply to each trainee: how many cotrect responses, how many
times they were correct both times, incorrect both times, how
many times their responses were incorrect on the Pre-Test and
correct on the Post-Test and how many times they were correct
on the Pre-Test and incorrect on the Past-Test.

Finally, both horlzowgal and vert1cal columns are totalled in
o

the lower right-hand rner, {(belqQw and to the right of the
heavy lines). This serves as a check against errors in cal-
culations or recording--the totals should be—he same for both
the horizontal and Yerﬁical celumns.

Note: Using the worksheet, a tahle can be constructed display-
ing the totals only. Figure F4 is an example of a table dis-
playing the summary scores and pattern frequencies for each
item (on the ‘worksheet, the table values correspond to the
totals ‘for ®ach horizontal column). Figure F5 is an example
of a table summarizing the . scores and response patter ©
frequencies for each trainee (the table values represeént the
totals for each vertical column on the worksheet). The table
in Figure F5 is similar to the type of table used in the dis-
cussion of the item response pattern analysis on pp. 91-98.
When the table has been completed and ‘the appropriate sta-
tistics (i.e., percentaged) calculated, the analysis of the
data will be conducted as described on pp. 94-98. . .

[y
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) FIGURE P4 } 187
. . . - S “
. _ ¢ ITEM RESPONSE PATTERNS - C
SN k BY INDIVIDUAL, ITEM i .
. m) PRE---- POST (2) PRE--- PGST ‘ .
+ TATAL 7 TOTAL / TOTAL
a CORRECT C-- C- C--1I INCORRECT I-~-1 3 I--C RESPONSES
ITEM " PRE _POST : PRE _POST " (1+2)
T B 8 11 3 5 23 20 15 8 31
2 0. 11 3 4 21 20 16 5 31
3 ! 7 16 4 6 1 26, 15 14 10 31 .
4 127 10 1 20 4 3] S |
s v 22 27 21 1 9 4 3 6 <~ 31
6 | 14 26 | 13 1 17 5 4 13 31
7 26 304 | 235 1 5 1 e-, 5 31
8 23 25 18 s 8 6 1 7 31
g9 14 9° 4 10 17 22 12 s 7 31
10 T 21 22 14 7 10 9 2 8 31 -
11 21+ 27 19 2 10 4 2 ‘B 31 ‘
12 15° 26" |+ 13 2 16 5 3 13° 31 e
13 ° 24 29 23 1 7 2 1 6 31
1 19° 27 18 1 12 4 3 9 31
159 | 22 21 18 4 9 10 . 6 3 /31
.16 f® 20 29 18 T2 11 2 0 R |
17 ) 26 22 20 6 5 9 3 2 31
. 18 | 25  + 30 24 1 6 1 o |- 6. 31
Y19 "y g 3 1 3 27 28 25 2 31,
20§ 3 13, 0 3 28 18 15 13 31
. 210 b 7 1 1 6 24 30 24 "0 31 .
c22, 6 21 | 8 0 25 10 10 is 31
23, 20 21 16 4 11 10 6 5 31
24" 27 29 27 .0 4 2 2 .2 31
25 17 24 15 . 2 14 7 5 9 | 31
26 15 27 12 3 16 4 B! 15 31
27 4 . 7 27 6 1 24 4 3 "2} 31 °
c28 | 23 28 23 ) g .3 3
29 25 28 23 2 6 3 ~1 5 31
30 . 5 18 4 1 26 13 12 14 | 31
31 17 24 13 4 14 7 3 L0 3
. 32+ 1 17 "1 0 30 14 14 16 3
33 17 31 17 0 14 0 0 14 31
34 | 14 21 12 2 17 10 {» 8 9 31
3s 23 29 23 0 -8 2 2 6 31
36 10 21 |~ 8 2 21 10 8 13 31 .
3y 24 30 23 ! 7 1 0 7 31
38 5 16 « 3 2 26 16 13 13 31
39 10 9 [ 4 6+ 21 22 16 6 33,
40, 10 23 8 2 21 8 6 15 31
41 20 30.] 19 1 11 1 0 11 31~
42 13 25 12 1 18 6 5 13 31
43 11 10 6 6 20 21 16 4 31
44 10 29 10 / o | 21 2 2 19 3
45 8 25 8 0 23 6 6 17 3
46 6 21 6 0 26 10 10 15 3 )
47 18 26 17 - 1 13 5 4 9 31
~  ag 11 12 4 7 20 19 12 8 31 .
49 4 14 4 ' 0 27 17 17 10 31
50 5 0 0 5 26 31 26 0 3
5 13 19 10 3 18 12 9 9 31
TOTAL 737 1087 615 122 844 494 372 472 1581
46.6% ~ ~ - - -~ - S - 53.4% - - = — — — — — — - 5100%
68.8% = = = = = = — - — = -31,2% = = .+ — = - — —100%
199%¢ - — - - - 83.4% =~ -16.6%  100%¢ - —— .. 44 .1% - -~ 55,9% ‘ ,
o ,
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- FIGURE F5 °

. > ° g
[ Y
. ITEM RESPONSE PATTERNS .
BY INDIVIDUAL TRAINEE

.

»
7 , .
\ s )
(1) PRE==~~= POST (2) PRE-~-2> POST
TOTAL * JPOTAL | TOTAL
. CORRECT C==>C C-=>1 INCORRECT J-->1 1-->C ITEMS
iD PRE _ POST ) PRE _POST (1+2)
1 28 34 28 4 23 17 13 10 51
2 30 42 26 4 21 9 5 16 51
V3 13 19 6° 7 38 32 25 13 51
4 26 43 25 1 25 8 7 18 51
5 23 36 19 4 28 15 11 17 51
6 29 37 28 1 L2 c ‘13 9 51
: 7 33 33 28 .5 18 8 13 5 51
8 23 31 16 7 28 & 13 15 51
9 28 32 22 6 23 19 13 10 51
10 29, 34 25 4 22 17 "u, 13 9 51
11 25- 34 21 ‘4 . 26 17 13 13 . sl
12 13 29 12 1 38 .23 21 T 17 51 -
13 18 35 15 "3 33 16 13 20 51
14 22 35 17 5 29 16 11 18 51 )
15 24 36 20 4 27 15 11 ] 16 51 .
\ 16 16 36 11 5 35 15 10, 25 51
* 17 31 41 30 1 20 10 9 11 . 51
« 18 20 36 17 3 3 15 12 19 51
. 19 19 36 16 3 32 15 12, 20 51
; ‘20 21 41 20 1 30 10 9 - 21 51
21 29 37 25 © 4 22 14 10 - 12 | 51
22 8 3 5 3 43 20 - 17 26 51
23 _ 27 35 22 5 24 16 11 13 . -5l
24 29 * 36 23 6 22 15 9 13 51
! 25 28 38 |, 26 . 2 23 13 1 | 12 51
. < 26 23 38 21 2 28 13 11 17 s1
, 27 27 29 15, 12 24 22 10 14 51
28 29 39, 25° 4 2 12 8 14 51 R
r 29 18 3g 16 2 33 13 11 ). 22 . sl )
30 22 35 *16 6 29 16 10 19 " 51
. 3 26 31 23 3 25 20 17 8 51
TOTAL: 737 . 1087, 615 - 122 844 494 372 - 472 1581
. . 4 _--.._____.._~__ N S SR 10.
6.6%- B ST -7 513_"3.%_ 3N . T . —':10(;: y
100%¢ -~ = - - 83.4% ---16 6%  100%¢ -—— -~ 44.1%---55.9% v
L] \ - ' . ¢
. . . i i < . . __—
- Ld - »
. . e B N
‘ - ’
- ! ) :
o 3 - a * . +! “
f . ) N .
Q : .. ' *e
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APPENDIX G

MATHEMATICAL EQUATION AND PARAMETER VALUES FOR GENERATING
THE WEIGHTED ACHIEVEMENT/COMPETENCE- SCORE CURVES

~
/ v -
0 .

The general equation that describes mathematically the family
of curves, one series of:which is presented in Figure 15, is

(R - T) N2

=1
N% - 72 - .

Test Score
Retest Score
. . Total Numbeg of
R - ! Items in Test In-
strument

= Weil ed Achievement
Competence Score

‘ - ‘
The values of the T, R and I parameters* used to generate the
* specific curves presented in the figure are as follows:

where:

Z o3
I

]
|

JI=0 ¥=10 I=20 * . 1=30 I=40
I _R I R I R £ R I R
¢ 0 0 0 10 0 20 0 30 Q0 40
10 10 . . 10, 19.9 10 29.8 10 39.7 10 49.6
20 2 .20 29.6 20 39.2 20 48.8 20 58.4
30 30) ° " 30 39.1 30 48.2 30 57.3 30 66.4
240 40, 40° 48.4 40  %6.8 40 65.2 40 73.6
‘50 50 * 50. 57.5 50 65.0 .50 72.% 50 - 80.0
®60 60 . 60 66.4 60O 72.8 60 79.2 60 85.6
.70 70 70 75.1 70  80.2 70 85, 70 90.4
80 80 ° 80 83.6 80 87.2 80 -, 90.8 80 94.4
+ 90 90 90 :91.9 90 93.8 90  95.7 90  97.6
&
I=50 * ¢+ I=60 1=70 1=80 I1=90
s T R £ R T ® T R T R/
©0 50 . 0 60 0 70 0 80 0 90
10 59.5 10 69.4 10 79.3 10 89.2 10 99.1
20 68.0 20 77.6 20 87.2 20 96.8
30 75.5, 30 84.6 30 93.7
40 82.0™ 40 90.4 40 98.8
50 “87.5 50 95.0
60 92.0 60 . 98.4 . S
<70 95.5 -7 70" 99.6 o
80; 98.0 fat .
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